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Abstract 

This paper present a state of art about biometric hand, different techniques used.Biometric is essentially used to 
avoid risks of password easy to find or Stoll; with as slogan save Time and Attendance. We can note that 
biometrics is a true alternative to the passwords and other identifiers to make safe the access controls. It makes 
it possible to check that the user is well the person who it claims to be. 

KEYWORDS' Hand, palmprint, geometry, biometric system, identification, authentification, verification. 

I. Introduction 

Biometrics is in full growth and tends to join other technologies of safety like the smart card. Within 
the biometric systems used today, we notice that the hand biometric is one of those, the users most 
accept because they don't feel persecute in their private life. A survey of 129 users illustrated that the 
use of hand geometry biometric system at Purdue University's Recreation Centre has many 
advantages; the survey participants, 93% liked using the technology, 98% liked its ease of use, and 
specially more no else find the technology intrusive [KUK06]. 

It's why; nowadays hand biometrics recognition has been developed with a great success for the 
biometric authetification and identification. The biometric recognition process allows the recognition 
of a person basing on physical and behavioral features. Because of each person have characteristics 
which are clean for him: voice, fingerprints, features of his face, his signature... his ADN and by the 
way hand physionomy and physiology, an overview of such systems can be found in [ROS06].The 
hand is the almost appropriate for some situations and scenarios. 

For the hand biometric modality, within the main features used; we note: the length and width 
analysis, the shape of the phalanges, articulations, lines of the hand ...etc 

The hand biometrics presents a high ease to use a system based on. Although, the hardware system 
from time to time makes error incidence's due to the injury of the hand and by the way the hand age. 
Setting besides that, the systems gives a very high accuracy with a medium security level required. 
However, for a long term the stability is somehow average and need to be improved. Most of the 
previous works has elaborated systems based on hand biometric contact [SAN00]. 
The reminder of this paper is organized as follow. In section 2, we present why we use the hand 
biometric. In section 3, we describe how does hand biometric system works. In Section 4, we present 
the hand identification techniques. In Section 5, we present the bottom up feature based methods. In 
section 6, we present the data capture. In Section 7, we present the hand biometric identification/ 
authentification. In section 8, we present a tabular representation of the existing method. In last 
section, we offer our conclusion. 

II. Why Hand Biometric? 

The suitability of a specific biometric to a particular application depends on many issues [50]; amid 
them, the user acceptability appears to be the most important [JAI97]. For various access control 
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applications, as immigration, border control and dormitory meal plan access, very distinctive 
biometrics, e.g., fingerprint and iris, could not be suitable for protecting person's privacy. In such 
circumstances, it is preferable that the given biometric key be only unique enough for verification but 
not for identification. The evaluation of a biometric method depends on the reliability, security, 
performance, cost, user acceptance, life detection, users, size of sensor. One of its advantages is the 
aging issues, both young and old. 

III. HOW DOES HAND BIOMETRIC SYSTEM WORK? 

A hand biometric system works like the other systems based on the other modality as fingerprint, 
voice, iris... Maybe, it can differ only in some few points, like the way to make safe the information. 
But, generally the scenario bellow (Fig. 1) is used to conceive a hand or another biometric system: 







User Enrollemnt 
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CAPTURE 

Raw hand 
data 




PROCESS 

Hand 
features 




CRYPT 

Hand 
features 
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STORE 
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Hand 
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Do not Match 



UNCRYPT 

Hand 
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Figure 1 Hand biometric system scenario's 



It is based on three basic processes; the enrolment, the verification and the identification. The 
enrolment phase is used for Adding a biometric identifier to the database. The Verification, more 
known as one towards one, because it must make sure that the person is whom he/she claim to be by 
matching against a single record. The Identification, more known to as one against all, since it ought 
to find who is this individual through a matching against all the records in the database. 

IV. Hand Identification 

There are three clusters of characteristics which are used in hand identification, which are called, too 
bottom up features: 

Geometric features; such as the width, length and area of the palm. Geometric features are a 
rough measurement and they are not sufficiently distinct; 

Line features, principal lines and wrinkles. Line features identify the size, position, depth and 
length of the various lines and wrinkles on a palm. Although wrinkles are very characteristic 
and are not easily copied, principal lines may not be satisfactorily distinct to be a reliable 
identifier; 

Point features or minutiae. Point features or minutiae are similar to fingerprint minutiae and 
classify, between other features, ridges, ridge endings, bifurcation and dots. 
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Figure 2 : Hand's Lines 

V. Bottom-Up Feature-Based Methods 

The human hand is the source of a number of unique physiological characteristics. The main 
technologies for hand recognition fall into three categories: palmprint technologies - those measuring 
the unique pattern of prints from the palm of the hand - similar to a fingerprint; Hand geometry 
measurements - those measuring the shape and size of either all or part of the human hand or fingers; 
Hand vein patterns - those measuring the distinct vascular patterns of the human hand, including hand 
dorsum vein and palm vein. 

5.1. Palmprint features 

They are made up of principal lines, deltapoints, minutiae, wrinkles, singular points and 
texture,etc...[32] .Several approaches are used for. Within the most popular methods, those 
considered the palmprint images as textured images which are sole for each person. [9] apply gabor 
filter for palmprint image analysis using a digital camera where [11] used the wavelets, [16] the 
Fourrier Transform, [44] the local texture energy and [41] the directional line energy features. 
Therefore, [DUT03] used a set of feature points the length of the major palm lines. Though, in 
palmprints the creases and ridges often overlie and cross each other. So, [3] has putted forward the 
extraction of local palmprint features by eliminating the creases; but this work is only limited to the 
extraction of ridges. Where [45] by generating a local gray level directional map; has tried to 
approximate palmprint crease points. 

Generally the steps used for the palmprint based biometric are; first to align and localize palm images 
by detecting and aligning to inter-finger anchor points: index-middle and ringpinky junctions. After, 
to extract with a certain resolution pixel region and down sample on each of the 5 direct multispectral 
images per hand placement. Then, Process with orthogonal line ordinal filter to generate level I 
palmprint features. Next, Perform round-robin, single-sample matching of palm features by for 
example the Maximum Hamming distance over multiple translations [21]. Finally, if the palmprint is 
used in a multibiometric; so we must fuse the palm print by normalizing the match scores to the same 
range taking into account the product of the individual match scores. 

5.2. Hand geometry features 

They are based on the area/size of palm, length and width of fingers. Most of the works in the 
biometric hand are based on the geometric features [36] [39]; [21] used geometric features 
and implicit finger polynomial invariants. [SAN00] use user-pegs to constrain the rotation 
and translation of hand. 
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5.2.1. Contact hand biometric 

Most of the systems proposed and/or used are based on research restricted to significantly old patents 
and commercial products [26]. These systems are made as the user must push his/her hand on the 
sensor surface, placing his/her dwells correctly with the guidance's peg. From that process it's 
possible to extract some features like: length, width and height of the fingers, thickness of the hand, 
aspect ratio of fingers and palm which make possible the building of small template. Some works 
based on the systems described above was focused on accuracy. [SAN00][29]have proposed an 
original and better-off geometric features set and have examined the use of multiple templates for a 
person using the Gaussian Mixture Models to model each focus. [8] suggested the use of the all 
contour silhouette of the hand in a straight line for matching. 

Although, several studies has shown that the peg-based alignment is not very efficient and can be in 
some cases the source of failure [SAN00] [26]. So, more recent studies has concentrate their works on 
a more suitable design of a peg-free system [23] [39] [12] [2] [18] [42]. Extraction of the hand from 
the background is the first step of the processing, to after segment the hand in fingers and palm to get 
finally the geometric features [39] [12] and the contours related to each one of them [18] [42]. 

5.2.2. Contactless hand biometric 

A new approach for hand biometric has been used recently in many work, which is the contactless 
hand biometric. [20] centered on a peg-free hand recognition, based on EIH-inspired method for 
robustness against noise. 

5.3. Hand vein 

To provide fast, accurate and robust personal identification, some authors [34] proposed to use the 
hand vein as feature identification. [17] gives an overview of the hand- vein application. Current 
products based vein identification permit single person authentication in less than a second. 

5.4. Palmprint & hand geometry features 

To mitigate each previous technics problems some authors proposed to use the palmprint and the hand 
geometry features. Some propose to use two different sensors for each part. In [13], the plamprint and 
the hand shape are extracted from sensor but the fingerprint is extracted from another sensor. 
Although, the most interesting is to use as for the other bimodal biometric systems, a single sensor. 
The most appropriate for this situation is to make use of a digital camera to get only one image to 
process and with a high resolution. This is what proposed [12] and used; they combined the both 
features kind with fingerprints information, after examining them and using a simple image 
acquisition setup. 

VI. Data capture 

We can count three techniques for capturing the hand: 

Off-line, palm prints are inked into paper and after scanned by the palm print system. By the 

past, the researchers used in their works offline palmprint images and get interesting results 

[DUT01] [44][SHI01]. 

On-line, palm prints are scanned directly as in [44]; which presents survey the use of texture 

to represent low-resolution palmprint images for online personal identification 

Real-time, palm prints are captured and processed in real-time. 

6.1. Resolution quality 

The both low and high resolutions are based on some features, and it depends on the 
application where it's used. 
6.1.1. Low resolution 

PalmPrint features, which are composed of principal lines, wrinkles, minutiae, delta points, etc., and 
must quote the features and give some techniques and works for the both. However, features like 
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principal lines and wrinkles, can be extract from a low resolution image with less than 100 dpi 
[32][47]. 

6.1.2. High resolution 

For features such as minutiae points, ridges, and singular points, a high image resolution is required 
for a good extraction with at least 400 dpi (dots per inch) [SHI01]. 

VII. Hand Biometric identification/authentification 

7.1. Detection 

First for the recognition, we must extract the hand shape from background [28], as well as motions to 
obtain hand features [SHI01]. Most of the works used can be based on the hand gesture extraction 
[31]; because the both are using motion information from extracted hand area in sometimes complex 
background image for the contactless hand biometric. 
Some techniques are used like: 

Background substraction: used mainly for multiple tracking; human ( detection in the meeting 
room), faces and too for the hand detection [22] 

Skin color: Human skin color [10] has been exploited and established to be an efficient 

feature in many applications from face to hand detection applied in the different color spaces 

(RGB, HSV, CIE LUV and the CIE LUV). It integrates strong spoof detection and 

acquisition. 

[21]uses the length and the width of the finger.To get the extraction of the hand, when the localization 

of the hand extremities, the fingertips and the valleys the main problems met are the artifacts and the 

unsmoothed contour [43]. 

In some framework, it's both possible to detect a hand and its corresponding shape efficiently and 
robustly without constraints upon either user or environment. This has long been an area of interest 
due to its obvious uses in areas such as sign and gesture recognition to name but just two. Boosting is 
a general method that can be used for improving the accuracy of a given learning algorithm [30]. 

7.2. Features extraction 

7.2.1. Hand geometry 

The hand shape integrated acquisition and reduced computational requirements. Several apparatus 
was issued based on the hand geometry [19] [7] [33]. 

7.2.2. Palmprint 

A plamprint pattern is made up of palm lines; principal lines and creases. Line feature matching is 
known to be strong and present a high accuracy in palmprint verification [32] [47]. 
Unfortunately, it is difficult to get a high identification rate by means of only principal lines as their 
similarity amid different people. The texture representation for coarse-level palmprint classification 
offers a successful technique [44] survey the use of texture to represent low-resolution palmprint 
images for online personal identification. 

We found in [35] that according to the features used for palmprint recognition, we can distinguish 
within the various palmprint identification techniques three classes: the structural feature based, 
appearance based and the texture based. For [27], the best palmprint matching approach, in terms of 
authentication accuracy is those of [35]. This method is based on the comparison of two line-like 
image areas and the generation one -bit feature code representing at each image location. The success 
of this method is due to its stability even when the image intensities vary; which were implemented 
and tested in [27] successfully for the palmprint matching. 

When saying Palmprint, we sepakmaily of the major features and the ridges. They reduced need to 
manipulate hand or pre processing the skin and integrated acquisition. Sometimes, the fingerprints are 
used because they represent a robust acquisition under adverse conditions. 
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7.3. Motion 

To know more how the articulation of the hand function, studies was done to analyze and synthesize 
the 3D movement of the hand [4] which was extended to others biometric. 

7.4. Translation/rotation 

To be used, many problems can be met like the position of the hand in the image, i.e. the way the 
hand is presented to the sensor mainly in a contactless hand identification situation. [13]employed 
unconstrained peg-free imaging, based on the efficiencies of the algorithm to achieve illumination, 
translation and rotation invariant features. Where the acquired images were binarized and in use for 
feature extraction. The thresholding edge was automatically calculated, by Otsu's approach, once for 
each acquisition setup. 

7.5.Verification 

Some works are based on simple classifier as the Mahanlanobis distance [21], mean average distance 
of contours [8]. [5] applied morphological and Sobel edge features to characterize palmprints and 
used a neural network classifier for their verification. However, this work has shown the utility of 
inkless palmprint images acquired from the digital scanner instead of the classical way i.e. the 
acquisition systems using CCD based digital camera [9]. 

7.6. Virtual interface 

Another main approach in the literature implies the 3D surface reconstructing of the hand. [40]has 
exploited a range sensor to rebuild the dorsal part hand; they used Local shape index values of the 
fingers. Sometimes to modalize the hand movement, is used a virtual interface [38] 

[14] built an exact hand shape using the splines and hand state recovery could be achieved by 
minimizing the difference between the silhouettes. 

The synthesis fingerprint technique can be applied to synthetic palmprint generation. 
7.8. Reconstruction 

The estimation of hand pose from visual cues is a key problem in the development of intuitive, non 
intrusive human computer interface. The solution is to recover a 3d Hand pose from a monocular 
color sequence; using concepts from stochastic visual segmentation, computer graphics and non linear 
supervised learning. In [24], made contribution in proposing a automatic system that tracks the hand 
and estimates its 3D configuration in every frame [ATH01], that does not impose any restrictions on 
the hand shape, does not require manual initialization, and can easily recover from estimation error. It 
is possible to approach this problem using a combination of vision and statistical learning tools. 

VIII. EXISTING Method 

Different hand biometric (measurement) techniques need differentresources from operating systems to 
enable biometricauthentication on the technical basis of measuring a biologicalcharacteristic. Next 
table gives a tabular overview of different features used. 

Six features are considered: 



Systems 


No. of 
people 


No. of 
sample per 
person 


Pegs 


Nof 
template (s) 


Feature (s) 


Similarity 


Performance 


Resolution 


Zhang 
[46] 


500 


6 


No 


2 


Joint palmprint 
and palmvein 
verification 


Dynamic 
weight sum 


EER 0.0212% 
and 0.0158% 


352 * 288 


Ladoux 
[15] 


24 


N/N 


N/N 


N/N 


Palm Vein 


SIFT 


EER0%. 


232x280 


Heenaye 
[6] 


200 


N/N 


N/D 


N/D 


Dorsal hand 
vein pattern, 


Cholesky 
decompositi 
on and 
Lanczos 
algorithm 


FAR 0%, FRR 

0% 


320x240 
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Shahin 


50 


10 


N/D 


2 


Dorsal hand 


maximum 


FAR of 0.02% 


N/D 


[SAH07] 










vein pattern 


correlation 
percentage 


and FRR of 
3.00 % 




Uhl [37] 


25 


25 


No 


N/D 


Eigen fingers 
and minutiae 
Features 


Parallel 

Versus 

Serial 

Classifier 

Combination 


97.6% RR at 
0.1% FAR) 


500 dpi 


Zhang 


120 


48 


No 


4 


FINGER- 


angular 


FRR 0.01% 


N/D 


[ZHA09] 










KNUCKLE- 
PRINT 


distance 


anfFAR 
96.83% 




Oden 


27 


10 


No 


270 


Geometric 


Mahalanobis 


N/D 


N/D 


[ODE03] 










features and 
implicit 
polynomials 
invariants of 
fingers 


distance 







IX. Conclusion 

In this paper, we considered a state of art of the hand biometric. The hand can be fusion with other 
biometrics as face fingerprint and many others [25]. The fact that a disgruntled employee or customer 
or a person with criminal intentions of entitlement of an active employee in her property and thus 
brings gives unauthorized access, is another security risk that exclude the biometric hand scanners 
effectively. One of the most important indirect problems of the hand biometric, is the hand geometry 
imitation. If the person has arthritis, long fingernails, is wearing hand cream or has circulation 
problems then this will not produce a good reading. The experimental results provide the basis for the 
furtherdevelopment of a fully automated hand-based security systemwith high performance in terms 
of effectiveness, accuracy, robustness,and efficiency.Individual mobility doesn't have a price; hence, 
Hand Biometric Technologies have to be implemented whenever and wherever possible. 
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Abstract 

Advances in digital video transmission have increased in the past few years. Security and privacy issues of the 
transmitted data have become an important concern in multimedia technology. Digital video stream is quite 
different from traditional textual data because interframe dependencies exist in digital video. Special digital 
video encryption algorithms are required because of their special characteristics, such as coding structure, 
large amount of data and real-time constraints. This paper presents a real-time partial encryption to digital 
video technique depends on Dynamic Dual Key Encryption Algorithm Based on joint Galois Fields which is fast 
enough to meet the real-time requirements with high level of security. In this technique the I-frame (Intra- 
frame) of the digital video scene is extracted and decomposed the color picture into its three color channels: 
luma channel (Y) and two chrominance channels Cb and Cr, with note that the frames of digital video is in 
YCbCr color system, the Dynamic Dual Key Encryption Algorithm Based on joint Galois Fields is applied to the 
Y channel. The encryption technique achieves best timing results, and it provides high level of security by its 
great resistant against brute force attacks. 

KEYWORDS' Encryption digital video, partial encryption for Digital video, Digital video encryption in real 
time. 

I. Introduction 

In the digital world nowadays, the security of digital images/videos becomes more and more 
important since the communications of digital products over network occur more and more 
frequently. In addition, special and reliable security in storage and transmission of digital 
images/videos is needed in many digital applications, such as pay-TV, broadcasting, confidential 
video conferencing and medical imaging systems, etc. Normal data, such as program code or text, has 
much less redundancy in its structure. These factors make providing secure digital video a challenge. 
Various encryption algorithms have been proposed in recent years as possible solutions for the 
protection of the video data. Large volume of the video data makes the encryption difficult using 
traditional encryption algorithms. Often, we need the encryption to be done in real-time. The naive 
approach for video encryption is to treat video data as text and encrypt it using standard encryption 
algorithms like AES (Advanced Encryption Standard) or DES (Data Encryption Standard). The basic 
problem with these encryption algorithms is that they have high encryption time making them un- 
suitable for real-time applications like PAY-TV, Pay-Per View and Video On Demand (VOD) etc. A 
unique characteristic of video data is that, even though information rate is very high, information 
value is very low. 

This paper presents an efficient partial encryption technique depends on Dynamic Dual Key 
Encryption algorithm Based on joint Galois Fields for real-time video transmission. 
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The Dynamic Dual Key Encryption algorithm Based on joint Galois Fields is considered as a stream 
of bits and the technique uses dual key, first key (control key) to determine the length of bits block 
and the second one is used for encryption a according to the equation that used addition and 
multiplication based on mathematical theory of Galois field GF(2 n ). Each block (3, 4, 5, or 6) bits 
size in this algorithm are interpreted as finite field elements using a representation In which a 3, 4, 5 
or 6 bits with bits b b 1 b 2 , b b 1 b 2 b 3 , b b 1 b 2 b 3 b 4 or b b 1 b 2 b 3 b 4 b 5 represents the 
polynomial consecutively, this algorithm is existing and introduced in details in[l] 
We apply the encryption algorithm to a part of I-frames of video, exclusively on Y Channel of YCbCr 
color vector. This technique is fast enough to meet the real-time requirements, in addition it provides 
high level of security by its great resistant against brute force attacks. To decrypt the ciphertext with 
128 bits, the attacker needs 1.86285884e + 204 of possibilities of keys as minimum 
and 1.80032832e + 399 as maximum [1]. 

The paper is organized as follows. Section 2 presents related work, Section 3 introduces digital video 
preliminaries. Section 4 and 5 present the methodology of partial encryption and decryption algorithm 
video consecutively. In Section 6 the suggested technique for partial video encryption is presented. 
Section 7 shows the experimental results for proposed technique of partial video encryption, 
Discussion the proposed technique for partial video encryption is presented in section8. Finally, 
conclusions are provided in Section 9. 

II. Related Work 

Many video encryption algorithms have been proposed which encrypt only selected parts of the data. 
Meyer and Gadegast [2] have designed an encryption algorithm named SECMPEG which 
incorporates selective encryption and additional header information. In this encryption selected parts 
of the video data like Headers information, I-blocks in P and B frames are encrypted based on the 
security requirements. Qiao and Nahrstedt [3] proposed a special encryption algorithm named video 
encryption algorithm in which one half of the bit stream is XORed with the other half. The other half 
is then encrypted by standard encryption algorithm (DES). The speed of this algorithm is roughly 
twice the speed of naive algorithm, but that is arguably still the large amount of computation for high 
quality real-time video applications that have high bit rates [4] Some of the other encryption 
algorithms are based on scrambling the DCT coefficients. Tang's [5] scrambling method is based on 
embedding the encryption into the MPEG compression process. The basic idea is to use a random 
permutation list to replace the zig-zag order of the DCT coefficients of a block to a 1 x 64 vector. 
Zeng and Lie [6] extended Tang permutation range from block to segment, with each segment 
consisting of several macroblocks. Within each segment, DCT coefficients of the same frequency 
band are randomly shuffled within the same band. Chen, et. al [7] further modified this idea by 
extending the permutation range from a segment to a frame. Within a frame, DCT coefficients are 
divided into 64 groups according to their positions in 8 x 8 size blocks, and then scrambled inside 
each group. Apart from shuffling of the I frames, they also permuted the motion vectors of P and B 
frames. In order to meet the real-time requirements, Shi,et. al [8] proposed a light-weight encryption 
algorithm named Video Encryption Algorithm (VEA). It uses simple XOR of sign bits of the DCT 
coefficients of an I frame using a secret m-bit binary key. The algorithm was extended as Modified 
Video Encryption Algorithm (MVEA) [9] wherein motion vectors of P and B frames are also 
encrypted along with I frames. 

III. Digital Video Preliminaries 

Digital video consists of a stream of images captured at regular time intervals, where the digital image 
is a discrete two-dimensional function, f (x, y) which has been quantized over its domain and range 
[10]. Without loss of generality, it will be assumed that the image is rectangular, consisting of Y rows 
and X columns. The resolution of such an image is written as X X Y. Each distinct coordinate in an 
image is called a pixel color space and each color pixel is a vector of color components. 
The Color spaces provide a standard method of defining and representing colors. Each color space is 
optimized for a well-defined application area [11]. The most popular color models are RGB (used in 
computer graphics); and YCrCb (used in video systems). Processing an image in the RGB color 
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space, with a set of RGB values for each pixel is not the most efficient method. To speed up some 

processing steps many broadcast, video and imaging standards use luminance and color difference 

video signals, such as YCrCb, this color space is widely used for digital video. In this format, 

luminance information is stored as a single component (Y), and chrominance information is stored as 

two color-difference components (Cb and Cr). 

In the RGB representation the channels are very correlated, as all of them include a representation of 

brightness, in which the brightness information can be recognized from R, G and B channels shown 

separately. But in YCbCr representation the luminance information of (Y) component is more than 

chrominance information of (Cb and Cr) components [12]. 

A color in the RGB color space is converted to the YCrCb color space using the following 

equation[13]: 
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C b 
C r 



0.257 0.504 0.098 
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While the inverse conversion can be carried out using the following equation: 
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Digital video stream is organized as a hierarchy of layers called: Sequence, Group of Pictures (GOP), 
Picture, Slice, Macroblock and Block. The Sequence Layer consists of a sequence of pictures 
organized into groups called GOPs .Each GOP is a series of I, P and B pictures [14]. I pictures are 
intraframe coded without any reference to other pictures. P pictures are predicatively coded using a 
previous I or P picture. B pictures are bidirectionally interpolated from both the previous and 
following I and/or P pictures [7]. 

Each picture is segmented into slices, where a picture can contain one or more slices. Each slice 
contains a sequence of macroblocks where a macroblock consists of four luminance blocks (Y) and 
two chrominance blocks (Cb and Cr). Each block is organized into a matrix of 8x8 pixel samples with 
a macroblock covering a 16 x 16 pixel area, Figure (1) shows the Structural hierarchy of digital video. 
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Figure 1: Structural hierarchy of Digital video. 

The properties of the I, P, and B frames can help further improve the encryption and decryption 
performance. Since B frames depend on I or P frames, and P frames depend on the closest preceding I 
frame, we need only encrypt the I frames while leaving the P and B frames untouched. Without I 
frames, one cannot decode P and B frames. 
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IV. Partial Encryption Algorithm Of Video (Methodology) 

The encryption scheme can be described by the following steps: 



Input : Y-channel as Plaintext , KeyOne , KeyTwo 
Output : Y-channel as Ciphertext 

No_Kl //number of bits from key One 
that are used in one round 
No_K2 //number of bits from keyTwo 
that are used in one round 



Step 0: 

Rounds 
- While Round < 2 do : 

Step 1: Read a portion of KeyOne (Control key) 

Step 2: depending on the value of KeyOne' s portion do the following: 
Select the block size ( 3 , 4 ,5 or 6 bits) from plaintext. 
Read from KeyTwo A and B Keys. 
Perform the following Encryption Equation : 

Y = X *A + B 
Step3 : Compute the number of bits for KeyOne and KeyTwo that are used in one round 
Check If Round =0 then 
No_Kl=No_Kl + 2 
No_k2=No_K2 + block size * 2 
End if 
Step 4: Repeat steps 1, 2 and 3 until plaintext is finished. 
Round=Round+l 
End while. 



The partial encryption of video technique is based on Dynamic Dual Key Encryption algorithm 
which uses two keys, the first key is called control key (keyOne) which is used to determine the size 
of bit block and the second one(KeyTwo) is used for encryption. The size of bit block is 3,4,5 or 6 bits 
[1]. 

V. Partial Decryption Algorithm Of Video (Methodology) 

The decryption Technique can be described by the following steps: 



Input : Y-Channel as Ciphertext , KeyOne , KeyTwo 
Output : Y-channel as Plaintext 



STEPl.Round=0 
-While Round < 2 do 
STEP2. apply a circular left shift of (No_Kl) bits and (No_K2) bits for KeyOne and 

KeyTwo consecutively 
STEP3. Read a portion of KeyOne(Control key) 
STEP4. depending on the value of KeyOne' sportion do the following 

Select the block size ( 3 ,4,5 or 6 bits) from plaintext 

Read from KeyTwo A and B Keys 

Perform the following Decryption Equation : 

X = (Y + addtion inverse(B)) * multiplicative inverse(A) 
STEP5. Repeat steps 1 ,2 and 3 until Ciphertext is finished 
Round=Round+ 1 
End while 
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For decryption the same steps of encryption are applied but with reverse equation's operations are 
performed [1]. 

VI. Partial Video Encryption Technique 

The Suggested Technique model consists of two parts; the main stages of the first part are started 
from reading video file (with note that the frames of digital video is in YCbCr color system), 
converting it into frames, the output of this stage is frames in YCbCr color representation, the last 
stage deals with selecting the I-frame. In the second part of system, the Dynamic Dual Key 
Encryption Algorithm Based on joint Galois Fields is applied on Y-channel of I-frame, then 
reconstructing the video file before broadcasting. At the receiver side, the video file will be converted 
into frames, and applying the Dynamic Dual Key decryption Algorithm Based on joint Galois Fields 
on Y-channel of I-frame, Figure 2 illustrates the steps of proposed system. 
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Figure (2): The steps of partial encryption Technique 

VII. Experimental Results 

Advanced Encryption Standard (AES) is an algorithm of the first category which is used nowadays in 
communication and encrypted video broadcasting, and it provides much higher security level than 
DES and perform it in 3 to 10 less computational power than 3-DES [15], it has better performance 
than DES, 3DES, and RC2 [16], based on these facts, AES is to be compared with proposed technique 
The following tables represent the experimental results for the speed of the partial video encryption 
based on Dynamic Dual Key Encryption algorithm, and AES algorithm. 

Table 1: The encryption and decryption times for AES algorithm using key size 128 bit on I-frame 



Security 
Algorithm 


I-Frame 
Name 


Size of Frame 
KB 


Encryption 
time (Second) 


Decryption time 
(Second) 


AES-Rijndael 


Car 


60 


8 


12 


Wedding 


1180 


175 


260 


xylophone 


225 


28 


46 



Table 2: The encryption and decryption times for Dynamic Dual Key Encryption algorithm on I-frame. 



Security 
Algorithm 


I-Frame Name 


Size of Frame 
KB 


Encryption 
time (Second) 


Decryption time 
(Second) 


Dynamic Dual 
algorithm 


Car 


60 


0.656 


1.282 


Wedding 


1180 


12.468 


28.594 


xylophone 


225 


2.312 


5.438 



ITT 



Vol. 2, Issue 1, pp.10-18 



International Journal of Advances in Engineering & Technology, Jan 2012. 

©IJAET ISSN: 2231-1963 

From Tables 1 and 2, Can be observed that the Dynamic Dual encryption algorithm is approximately 
13 times faster than AES encryption and 9 times faster than AES decryption. 

The sample test video sequences include videos like Car, Wedding, and xylophone. Some of the test 
videos along with their frame numbers are shown in Figure 3, Figure 4 and Figure 5. 
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Figure (3): The encryption results after applying partial encryption based on Dynamic Dual keys algorithm for 
the 1st frame in "Car" and xylophone video. a)Original I-frame of car video b) car I-frame after encryption c) 
Original I-frame of xylophone video d) xylophone I-frame after encryption. 




WQJ'QJQTO; 




■ • 



00:0H 



©(PL)© 



Cww§ 





Figure (4): The effect of the partial encryption based on Dynamic Dual keys algorithm on Car Video Frames is 
used as test object. (a)Original car film after 4 seconds (b) Encryption car film after 4 seconds (c) Original car 
film after 8 seconds (d) Encryption car film after 8 seconds 
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Figure (5) The effect of the partial encryption based on Dynamic Dual keys algorithm on xylophone Video 
Frames is used as test object (a) Original xylophone film after 2 seconds (b) Encryption xylophone film after 
2 seconds (c) Original xylophone film after 5 seconds (d) Encryption xylophone film after 5 seconds (e) 
Original xylophone film after 8 seconds ( f) Encryption xylophone film after 8 seconds. 

The designed technique and AES algorithm both has been implemented successfully using visual 
basic 6 Programming language and also implemented with processor of Pentium IIII (3.40 GHZ) and 
3GB of RAM on windows XP. 

VIII. Discussion 

The comparison between the speed of partial encryption digital video technique which uses AES 
algorithm, and the partial encryption digital video technique which uses Dynamic Dual Keys 
algorithm ,it can be seen from tables land 2 that the speed of the technique which uses Dynamic 
Dual Key Encryption algorithm is faster than the technique which uses AES algorithm, whereas the 
technique which uses Dynamic Dual Keys algorithm gets the best results , and it is approximately 13 
time faster than AES encryption and 9 times faster than AES decryption. Because of the high security 
obtained by Dynamic Dual Key Encryption algorithm this will make the proposed technique high 
security. 
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No variation has been made in the digital video structure by the proposed technique, because of 
making use of the present broadcasting technique; whereas a change has been made in the part of 
complete structure. 

IX. Conclusion 

In this paper, we have proposed a new partial digital video encryption technique. The proposed 
technique which encrypts only Y-channel from I-frame of the digital video scene will reduce the 
encryption and decryption time, in addition to its high security depending on Dynamic Dual Key 
Encryption algorithm which uses dynamic block cipher and dual keys. All these properties will make 
the proposed technique suitable for Real-Time Application RTA. 
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Abstract 

In this paper a new sensor for the non-invasive monitoring of the oxygen saturation in blood has been designed, 
realized and tested to obtain an ultra-small device having very high noise immunity. This goal has been reached 
by using a particular integrated circuit, the PsoC (Programmable System on Chip), which integrates two 
programmable arrays, one analogue and one digital, to obtain a device with very large capabilities. We have 
configured the PsoC and developed the electronic interfaces. The proposed design allows the acquisition of the 
continuous component of the signal and the data elaboration has been done in place using a local CPU, without 
requiring to pass data to an external computer. 

KEYWORDS? Oxyhaemoglobin Saturation, Spectrophotometric Method, Pulse Oximeters, Electronic 
Interfaces and Data Processing, Sensor Prototyping and Testing. 

I. Introduction 

Non-invasive health monitoring is the main goal of modern electronic applications to medicine. In 
particular, among the most critical vital parameters, one can find the oxygen saturation of 
oxyhaemoglobin Hb0 2 . Currently the standard procedure for monitoring gases in blood is to take 
arterial blood samples. This is time consuming for the nurses and stressful particularly for those 
patients with cardiac respiratory or renal insufficiency, i.e. requiring a continuous monitoring. 
Several invasive methods for continuous monitoring have been proposed, based on the use of catheter 
or optical fibre sensors, but they have many problems such as inevitable pain for the patient, possible 
infections, long term drift caused by blood's substances deposition on the catheter, need for 
hospitalization, and last but not least, the high cost. 

In order to overcome these problems, there is an effort to develop other devices with better 
characteristics, which allow mainly the non-invasive, continuous monitoring with good accuracy. 
Among these devices, the pulse oximeter, which senses the oxygen saturation in blood using non- 
invasive optical sensors, seems to be the best [1]. Although this device is typically used in hospitals, it 
still has some drawbacks that should be solved in order to make this device available even for home 
proposes without the assistance of registered nurses. Moreover, among the required enhancements, it 
has to be cheap, small, user-friendly, accurate and noise immune. 

In this paper we present a new pulse oximeter, which has been realized and tested at the Electronic 
Devices Laboratory (Electrical and Electronic Department) of Polytechnic of Bari. 
The proposed sensor, designed in order to obtain a cheap device with reduced size and very high noise 
immunity, uses a single chip, such as the PSoC (Programmable System on Chip) [2], produced by 
Cypress MicroSystems, which, through its programmability, i.e. its capability within hardware and 
software to change, allows the signal acquisition and conditioning of the whole system on a single 
chip. 
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In Section 2 we have described the front end of the proposed pulse oximeter, while in Section 3 the 
obtained results are analyzed and discussed. The conclusions and future scope are illustrated in 
Section 4. 

II. Front End of the Proposed Pulse Oximeter 

The pulse oximetry is a spectrophotometric method for non-invasive measurement of the arterial 
oxygen saturation, Sp0 2 , and pulse [3]. It is based on the different light-absorbing characteristics of 
oxyhaemoglobin (Hb0 2 ) and deoxyhemoglobin (Hb) at two different wavelengths, typically 660 nm 
(RED) and 940 nm (IR), and on the pulsatile nature of arterial blood flow [4]. Of course, the optical 
sensor measurements of Hb0 2 and Hb are dependent on the concentration of these molecules in 
blood. With pulse oximeters, a finger or earlobe probe is used. A red light-emitting diode (LED) and 
an infrared LED is located, as sources, on one side of the probe, and a couple of photodiodes, as 
receivers, are located on the other side. 

The method relies on difference in the absorption spectra of oxygenated and de-oxygenated 
hemoglobin. The ratio between these, as shown in [3], has a peak at approximately 660 nm and at 
higher wavelengths the ratio is lower than one. 

Conventionally the previous two wavelengths are used since the absorption ratio is large and small at 
those wavelengths, respectively. This minimizes the uncertainty of the Sp0 2 measurement. The 
measured absorption is then displayed as an estimate of the arterial oxygen saturation, Sp0 2 . The 
sensor, applied to a finger or to earlobe, can work on the transmitted light, realizing in this way a 
transmission pulse oximeter, or on the reflected light, as a reflectance pulse oximeter [5-9]. The 
equipment is electrically the same in both cases. 
Fig. 1 shows the block scheme of the proposed pulse oximeter. 
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Figure 1. Block scheme of the proposed pulse oximeter. 

We have used the PSoC CY8C27443 produced by Cypress MicroSy stems [2], a family of devices 
which allows the implementation of systems on a single chip that contains both analogue and digital 
programmable blocks, thus allowing the synergic management of analogue and digital signals in a 
single programmable device, reducing in this way the number of integrated circuits on board. 
LEDs are powered by a sequence of square pulses, as shown in Fig. 2, 0.2 ms long at a frequency of 
500 Hz and with a phase difference of 1 ms, obtained by an internal PSoC oscillator. 
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H 



Figure 2. Control signal of the power on the LED. 

For each LED we have placed a photodiode on the other side of the finger to collect the transmitted 
light (Fig. 3). This layout allows us to have a larger collection efficiency. 



u u 



Figure 3. Sensor's scheme. 

The light signal measured by the photodiode can be divided in two components: A and B [3]. 
Component A is the light signal during a systole and is a function of the pulsations of oxygenated 
arterial blood, while component B is the light signal (during a diastole) that has a constant intensity 
and is a function of various tissues (i.e. skin pigment, muscle, fat, bone, and venous blood). The pulse 
oximeter divides the pulsatile absorption of component A by the background light absorption of 
component B, at the two different wavelengths (RED and IR), to obtain an absorption ratio, R: 



R = (A R /B R )/(A IR /B IR ) 



(1) 



The photodiode transforms the light signal into an electrical signal that is amplified and converted into 

digital information. 

The current generated by the photodiode is the input of a current-voltage converter working in 

differential mode, followed by INA105 amplifier (Fig. 4), used to obtain the signal in single ended 

mode. 

The resulting amplifier topology is then that of an instrumental amplifier but with inputs placed in at 

different nodes, allowing in this way an high noise immunity at the input since most of the noise is a 

common mode noise. 

After the amplifier, the acquisition system splits in two just alike channels, each of them obtained 

using a Sample & Hold, synchronized with the pulse generator that feeds the LEDs. In this way, it is 

possible to distinguish between the signal corresponding to red wavelength and the one corresponding 

to infrared wavelength. 
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Figure 4. Converter and amplifier circuital configuration. 

The oxygen partial pressure in blood has a power spectra concentrated around 1 Hz, while our signal 
has also high frequency noise, coming from our sampling, and a low frequency noise, down to the 
continuum, coming from light background, photodiode and from amplifier (1/f noise). For this reason 
we have applied a band pass (BP) filter realized with two second order stages, both in Sallen-Key 
configuration [10]. First stage is a low pass filter, the second a high pass filter. 

Subsequently the signal goes to a non-inverting amplifier, which insulates the filter from the Analog- 
Digital Converter (ADC) load, and drives the ADC input. 

Based on the red/infrared absorption ratio, defined by the Eqn. (1), an algorithm within the pulse 
oximeter allows to measure Sp0 2 , as a function of the measured magnitude at the systolic and 
diastolic states on the two photoplethysmo grams: 



SpQ 2 = (S R /B R )/(S IR /B IR ) 



(2) 



where S R is the peak-to-peak red photodiode signal and B R is the red photodiode continuous 

component, measured at the systolic and diastolic states respectively, and likewise for Si R and B IR . 

Since we need also the continuous components, we have used PSoC's internals component to create a 

low pass filter with a cut frequency at 200 mHz. 

To digitalize the signal, we used a 12 bit ADC available inside the PSoC, and, since we had only one 

ADC, we had to multiplex the signals to the ADC input under software control. 

The digitized signal is then passed to the PSoC's CPU where both signals are normalized and from 

these data the partial pressure of Sp0 2 is computed and shown on a 3 -digit display. 

With regard to the LEDs, they have a tight band emission spectra with peaks concentrated at 660 nm 

(R) and 940 nm (IR), as shown in Fig. 5. 



UJ 



Vol. 2, Issue 1, pp. 19-26 



International Journal of Advances in Engineering & Technology, Jan 2012. 

©IJAET ISSN: 2231-1963 



1.0 



0.5 



0.0 




550 



600 



X(nm) 



650 



700 



1.U 






/\ 








n r 






/ ^ 


\ 










j 


' 


\ 






C\ ft 








\ 






U.O 








\ 






r\ a 




/ 




\ 










/ 




\ 






n 9 




/ 




y 


\ 








/ 






\ 




n n 


^ 













900 



950 
l(nm) 



1000 



Figure 5. Emission spectra of the two LEDs normalized at their maximum value. 

Furthermore their emission is concentrated in a narrow cone in the forward direction. 

LEDs are driven with a 50 mA current for the red light and 60 mA for the infrared light. 

The photodiode has a wide acceptance angle to maximize the light collection so that it could 

efficiently collect all the light diffused inside the finger. Its spectral sensibility has a peak at 850 nm, 

as shown in Fig. 6, and it is at least 60% (compared to the peak) in the bands between 600 nm and 

1000 nm, with a good covering of the emission bands of LEDs. 
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Figure 6. Relative spectral sensibility. 



III. Analysis of Results and Discussion 

With the proposed design, it has been possible to obtain a gain, whose value is about unitary between 
0.66 Hz and 3.2 Hz, as shown in Fig. 7. 
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Figure 7. Output voltage of the band pass filter versus frequency. 

Fig. 8 shows the amplified signals coming from the sensors for the red and infrared light respectively, 
after the continuous component removal. 
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Figure 8. Amplified photoplethysmogram of signal after the continuous component removal. 

The measurement of Sp0 2 , as a function of the measured magnitude at the systolic and diastolic states 
on the two photoplethysmograms allows us to delete the dependence on the LED emissivity and on 
the photodiode sensibility. However, the relation (2) has to be empirically calibrated for the specific 
device [11]. 
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Moreover, as our sensor has been shielded on three sides, we have been obtained a low probability 
that the ambient light may reach the photodiode and, therefore, may influence the measurement. 
Finally Fig. 9 shows the prototype realized and tested at the Electronic Devices Laboratory 
(Electrical and Electronic Department) of Polytechnic of Bari. 




Figure 9. The realized prototype: a double- sided printed circuit board. 

From this image it is clear that, even if the prototype is already small, but it will hugely squeezed 
using SMD (Surface Mount Device) technology. The image also shows the display with the measured 
values, there is no action to be taken to have the measurement since the device is continuously 
working. 

IV. Conclusions and Future Scope 

We have presented the design and realization of an electronic device for non invasive monitoring of 
the oxygen saturation in blood (transmission pulse oximeter). The main goals of our design have been 
the miniaturization, the cheapness and a good noise rejection. The key element to achieve these goals 
has been the PSoC, a system on chip family for mixed analogue and digital applications, 
programmable in both analogue and digital parts, allowing the implementation of a whole acquisition 
chain, from signal generator to the display driver, passing through sensor's amplifier, ADC and CPU. 
Having a single programmable device for both analogue and digital part, it has been easy to reach our 
goals. Furthermore this implementation of the pulse oximeter, using PSoC, has required some 
innovation in the circuit compared to previous schemes. The whole acquisition chain has a new plan 
that allows the collection of the continuous component of the signal. Moreover the whole data 
elaboration has been done in place using a local CPU, without requiring to pass data to an external 
computer. 
For further development of this system, we are planning to include a miniaturized electrocardiograph. 
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Abstract 

Tomato is one of the most popular garden vegetable in the world. Tomatoes have high values in Vitamin A and 
C and are naturally low in calories. Inoculation with plant-growth promoting rhizobacteria (PGPR) has been 
attributed to the production of plant growth regulators at the root interface, which stimulate root development 
and result in better absorption of water and nutrients from the soil. A greenhouse experiment was conducted to 
evaluate the effects of some PGPR on growth and nutrients uptake of tomato (Lycopersicon esculentum Red 
Cherry) plants. Seven treatments were used for bacteria (Pseudomonas, Azotobacter, Azosprillum, 
Pseudomonas + Azotobacter, Pseudomonas + Azosprillum, Azotobacter + Azosprillum and Pseudomonas + 
Azotobacter + Azosprillum) which were compared to control. Plants were cut at prebloom stage. Maximum 
level of shoot fresh weight was shown on Azotobacter + Azosprillum, Pseudomonas + Azotobacter + 
Azosprillum and Azosprillum treatments which significantly differed from other treatments. Maximum level of 
root fresh weight was achived in Azotobacter + Azosprillum, Pseudomonas + Azotobacter + Azosprillum and 
Azotobacter treatments which significantly differed from other treatments. Maximum level of shoot and root dry 
weights were achieved on Azotobacter + Azosprillum and Pseudomonas + Azotobacter + Azosprillum 
treatments. Minimum level of shoot and root dry weights were obtained in Pseudomonas + Azosprillum. 
Maximum root length was shown on Azotobacter + Azosprillum which significantly differed from other 
treatments. The highest amount of N, P and K were achieved on Pseudomonas + Azotobacter + Azosprillum 
treatment and the lowest amount was shown on Pseudomonas + Azotobacter treatment. Maximum level of Ca 
and Mg were obtained on Pseudomonas + Azotobacter and Pseudomonas + Azosprillum treatments which 
significantly differ from other treatments. 

KEYWORDS' Pseudomonas, Azotobacter, Azosprillum, Lycopersicum esculentum 

I. Introduction 

Plant growth-promoting rhizobacteria (PGPR) help plants through different mechanisms, for example 
(i) the production of secondary metabolites such as antibiotics, cyanide, and hormonelike substances; 
(ii) the production of siderophores; (hi) antagonism to soilborne root pathogens; and (iv) phosphate 
solubilization [1,2,3,4,5,6,7]. These organisms possessing one or more of these characteristics are 
interesting since it may influence plant growth. Improvement of phosphorus (P) nutrition is one of the 
factors involved in plant growth promotion by PGPR. These bacteria may improve plant P acquisition 
by solubilizing organic and inorganic phosphate sources through phosphatase synthesis or by 
lowering the pH of the soil [8]. The objective of this study was to compare the effects of the PGPR at 
several treatments (alone and mixed) on growth and nutrients uptake of tomato plants. 

II. Materials and Methods 

2.1. Plant Materials and Experimental Conditions 
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A greenhouse experiment was conducted to evaluate the effects of 7 treatments of bacteria 
(Pseudomonas, Azotobacter, Azosprillum, Pseudomonas + Azotobacter, Pseudomonas + Azosprillum, 
Azotobacter + Azosprillum and Pseudomonas + Azotobacter + Azosprillum) on tomato 
(Lycopersicon esculentum Red Cherry) growth and nutrients uptake. The plants were grown from 
seeds after inoculated with bacteria in pots containing 7 kg of field soil, sand and peat (1/3 ,v/v each 
of them). Experiment was set in a complete randomized design with four replicates. At prebloom 
stage, the shoots were cut at the soil surface level. The roots were separated from the soil. Shoot and 
root fresh weights and root length were measured, then dry weights of shoots and roots were 
determined after drying at 75°C. 

2.2. Nutrient Determination 

N, P and K were determined by kjeldahl, Olsen and flame photometery methods, respectively. Ca and 
Mg were determined by calciometery. 

2.3. Statistical Analysis 

Statistical analyses were done using SAS software. SAS (Statistical Analysis System) is an integrated 
system of software products provided by SAS Institute Inc. that enables programmers to perform 
statistical analysis. SAS is driven by SAS programs, which define a sequence of operations to be 
performed on data stored as tables. Means were compared by Duncan's multiple range test at P < 0.05 
(5% level of probability). 

III. Results 

The highest shoot fresh weight was observed in Azotobacter + Azosprillum (53.77 g/plant), 
Pseudomonas + Azotobacter + Azosprillum (53.29 g/plant) and Azosprillum (51.87 g/plant) treatments 
which significantly differed from other treatments. The lowest shoot fresh weight (42 g/plant) was 
obtained in Pseudomonas + Azosprillum. The maximum level of root fresh weight was achieved in 
Azotobacter + Azosprillum (10.81 g/plant), Pseudomonas + Azotobacter + Azosprillum (10.49 g/plant) 
and Azotobacter (10.30 g/plant) treatments which significantly differed from other treatments. 
Maximum level of shoot dry weight was shown on Azotobacter + Azosprillum (6.84 g/plant) and 
Pseudomonas + Azotobacter + Azosprillum (7.05 g/plant) treatments which significantly differed from 
others. The highest root dry weight was achieved on Azotobacter + Azosprillum (0.92 g/plant) and 
Pseudomonas + Azotobacter + Azosprillum (0.94 g/plant) treatments. Minimum level of shoot and 
root dry weights were achieved in Pseudomonas + Azosprillum. The maximum root length was shown 
on Azotobacter + Azosprillum (40.33 cm) which significantly differed from other treatments (Table 
1). 

Table 1. Effect of bacterial treatments on shoot and root fresh weights, shoot and root dry weights and root 
length. 
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f In each column, means with the same letters are not significantly different at 5% level of Duncan's 
multiple range test. 
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The highest amount of N (32.65 mg/g dry matter), P (3.40 mg/g dry matter) and K (35.10 mg/g dry 
matter) were shown on Pseudomonas + Azotobacter + Azosprillum treatment which significantly 
differed from other treatments and the lowest amount was shown on Pseudomonas + Azotobacter 
treatment. The maximum level of Ca was achieved on Pseudomonas + Azotobacter (30.38 mg/g dry 
matter) and Pseudomonas + Azosprillum (30.30 mg/g dry matter) treatments which significantly 
differed from other treatments. The maximum level of Mg was observed on Pseudomonas + 
Azotobacter (6.18 mg/g dry matter) and Pseudomonas + Azosprillum (6.27 mg/g dry matter) 
treatments (Table 2). 

Table 2. Effect of bacterial treatments on nutrients uptake in tomato. 
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f In each column, means with the same letters are not significantly different at 5% level of Duncan's 
multiple range test. 

IV. Discussion 

The results indicated that PGPR affect the growth and nutrients uptake. In the impact of root 

inoculation with beneficial rhizosphere microorganisms on some quality parameters is being explored 

[9,10,11]. 

Facilitating plant nutrition could be the mechanism by which PGPR enhance crop yield, since the 

nutritional plants status is enhanced by increasing the availability of nutrients in the rhizosphere 

[12,13]. 

Phytohormones produced by PGPR, are believed to be changing assimilate partitioning patterns in 

plants altering growth in roots, the fructification process and development of the fruit under 

production conditions [14]. 

This work supports that tomato root inoculation with PGPR enhances growth under greenhouse 

conditions. However, field experiments should be carried out to ensure that positive effects are 

maintained under conventional production systems. 

A series of other factors (ability to grow on root exudates, to synthesize amino acids and vitamins) 

defined as "rhizospheric competence" is involved in the establishment of effective and enduring root 

colonization by an introduced bacterium [15]. 

Pseudomonas fluorescens 92rk, alone or co-inoculated with P190r, increased mycorrhizal 

colonization of tomato roots by G. mosseae BEG 12. This result suggests that strain 92rk behaves as a 

mycorrhiza helper bacterium (MHB) in L. esculentum. MHB have been described for ectomycorrhizal 

symbiosis [16] and only a few examples of MHB have been reported for AM symbiosis [17,18]. P. 

fluorescens 92rk increased total root length, surface area and volume. This is in agreement with the 

effects of P. fluorescens A6RI [19] and 92r [20] on the development of tomato and cucumber root, 

respectively. Longer root systems are more adapted to soil exploration and exploitation [21]. The 
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modification of root architecture parameters induced by the bacterial strains could be related to 

increased P acquisition: root systems with higher root surface area and volume are indeed 

characterized by a higher absorptive surface. 

An investigation showed the effects of inoculating of two Bred cultivars of tomato (Fl Hybrid, Delba 

and Fl Hybrid, Tivi ) roots with plant growth-promoting rhizobacteria (PGPR). Azotobacter was more 

effective than Pseudomonas to increase all traits' value except for shoot dry weight and K Content 

[22]. Differences between genotypes can explain differences between results. 

An investigation showed that PGPR and AMF (fungus) can increase tomato fruit quality. It may be 

related to increasing of minerals by inoculated plants [23]. 

Increased nutrient uptake by plants inoculated with plant growth promoting bacterium has been 

attributed to the production of plant growth regulators at the root interface, which stimulated root 

development and resulted in better absorption of water and nutrients from the soil [24,25,26]. 

V. Conclusion 

In conclusion, Azotobacter + Azosprillum and Pseudomonas + Azotobacter + Azosprillum resulted in 
the highest values of shoot fresh and dry weights and root fresh and dry weights at prebloom stage. 
Pseudomonas + Azotobacter + Azosprillum treatment was the best for N, P and K uptake in tomato 
shoots. 
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Abstract 

This paper presents a application of PSO to Hybrid active power filter used to compensate for total harmonic 
distortion in three-phase four-wire systems. The shunt active filter employs a simple method for the calculation 
of the reference compensation current based on Fast Fourier Transform. The presented Shunt Active Power 
filter is able to operate in balanced, unbalanced and Variable load conditions. Classic filters may not have 
satisfactory performance in fast varying conditions. But auto tuned active power filter gives better results for 
harmonic minimization, reactive power compensation and power factor improvement. The proposed auto tuned 
shunt active filter maintains the THD well within IEEE- 5 19 standards. The proposed methodology is extensively 
tested for wide range of different Loads with Improved dynamic behavior of shunt active power filter using PSO 
to Hybrid active power filter. The results are found to be quite satisfactory to mitigate harmonic Distortions, 
reactive power compensation and power factor correction thereby increase in Power Quality improvement and 
reduction in %THD. 

KEYWORDS' Hybrid active power filter (HAPF), Multiobjective optimization, particle swarm optimization 
(PSO), Total Harmonic distortion (THD), Power factor, Reactive power 



I. Introduction 

Power Systems have to cope with a variety of nonlinear Loads which introduce significant amounts of 
harmonics. IEEE Standard 519-1992 provides a guideline for the limitation and mitigation of 
harmonics. Passive power filters (PPFs), Active power filters (APFs), and hybrid active power filters 
(HAPFs) can all be used to eliminate harmonics. For Medium- and high-voltage systems, PPFs and 
HAPFs appear to be better choices considering cost where the ratings are of several tens of megavolt- 
amperes. The design of such PPFs and HAPFs is a complicated nonlinear programming problem. 
Conventional trial-and-error Methods based on engineering experience are commonly used, but the 
results are not optimal in most cases. 

In recent years, many studies have appeared involving optimal PPF design. A Method based on the 
sequential unconstrained minimization Technique has been used for PPF design because of its 
simplicity and versatility, but numerical instability can limit the application of this method. PPF 
design using simulated Annealing has been reported, but the major drawback is the repeated 
annealing. 

Genetic algorithms (gas) have been widely used in PPF design, but the computing burden and 
convergence problems are disadvantages of this approach. A design method for PPFs using a hybrid 
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Differential evolution Algorithm has also been proposed, but the algorithm is Complex, involving 

mutation, crossover, migrant, and accelerated 

Operations For the optimal design of HAPFs, a method based on gas has been proposed in order to 

minimize the rating of APF, but no other optimal design methods appear to have been suggested. 

Many methods treated the optimal design of PPFs and HAPFs as a single objective problem. In fact, 

filter Design should determine the optimal solution where there are multiple objectives. As these 

objectives generally conflict with One another, they must be cautiously coordinated to derive a Good 

compromise solution. 

In this paper, optimal multi objective designs for both PPFs and HAPFs using an advanced particle 

swarm optimization (PSO) algorithm are reported. The objectives and constraints were developed 

from the viewpoint of practicality and the Filtering characteristics. 

For the optimal design of PPFs, the capacity of reactive Power compensation, the original investment 

cost, and the total Harmonic distortion (THD) were taken as the three objectives. The constraints 

included individual harmonic distortion, fundamental Reactive power compensation, THD, and 

parallel and Series resonance with the system. For the optimal design of HAPFs, the capacity of the 

APF, The reactive power compensation, and the THD were taken as the three objectives; the 

constraints were as for the PPFs. 

The Uncertainties of the filter and system parameters, which will Cause detuning, were also 

considered as constraints during the optimal design process. A PSO-based algorithm was developed to 

search for the optimal solution. The numerical results of case Studies comparing the PSO method and 

the conventional trial and- Error method are reported. From which, the superiority and Availability of 

the PSO method and the designed filters are certified. 

II. System Under Study 

A typical 10-kV 50-Hz system with nonlinear loads, as shown in Fig. 1, was studied to determine the 
optimal design for both PPFs and HAPFs. The nonlinear loads are the medium frequency furnaces 
commonly found in steel plants with abundant harmonic currents, particularly the fifth and seventh 
orders, as shown in Table I. The utility harmonic tolerances given in IEEE Standard 519-1992 and the 
Chinese National Standard GB/T 14549-93 are listed in Table I as percentages of the fundamental 
current. 

66kv 
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Main transformer 



Filters 
PPForHAPF 



-1- 
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Fig 1. Single diagram of system for case studies. 
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Table I : Harmonic Current distributions in phase A and utility tolerances 



Harmonic 
Order 


Measured 
Value 

(%) 


National 
Standard 

(%) 


IEEE 

standard 
519- 
1992 

(%) 


5 


6.14 


2.61 


4 


7 


2.77 


1.96 


4 


11 


1.54 


1.21 


2 


13 


0.8 


1.03 


2 


17 


0.6 


0.78 


1.5 


19 


0.46 


0.7 


1.5 


23 


0.95 


0.59 


0.6 


25 


0.93 


0.53 


0.6 


THD 


7.12 


5 


5 



Table I shows that current THD, and the 5th, 23rd, and 25th order harmonic currents exceed the 

tolerances based on both standards. In addition, the 7th and 11 th order harmonics exceed the tolerance 

based on the National standard. 

Filters must therefore be installed to mitigate the harmonics sufficiently to satisfy both standards. 

Both PPF and HAPF are suitable and economical for harmonic mitigation in such systems. For this 

system with nonlinear loads as medium frequency furnaces, the even and triple harmonics are very 

small and far below the standard values, so these harmonics are not considered. In addition, the 

harmonic voltages are in fact very small, so the voltages are assumed to be ideal. 

The fundamental current and reactive power demands are 1012 A and 3-4 MVar, respectively. The 

short circuit capacity is 132 MVA, and the equivalent source inductance of the system is 2.4 mH 

III. HAPF Design Based on PSO 

A. HAPF Structure and Performance: 

In order to demonstrate the optimal design method of HAPFs based on PSO, an HAPF was designed 
and is shown in Fig. 2; it is supposed to be used in the same situation as that shown in Fig. 1. In this 
HAPF, PPFs are mainly used to compensate for harmonics and reactive power, and an APF is used to 
improve the filtering performance .The PPF consists of the fifth and seventh single-tuned filters and a 
high-pass damped filter. The APF is implemented with a three-phase voltage-source inverter. Fig. 3(a) 
shows the single-phase equivalent circuits of the HAPF, assuming that the APF is an ideal 
controllable voltage VAF and that the load is an ideal current source IL. ZS is the source impedance, 
ZF is the total impedance of the PPF, Vpcc is the voltage of the injected point, and K is the controlling 
gain of the APF. 
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Fig.2. Shunt HAPF. 
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Fig 3. Single-phase equivalent circuits of the HAPF (a) Equivalent circuit, 
(b) Equivalent harmonic circuit. 

The equivalent harmonic circuit is redrawn as in Fig. 3(b). The harmonic current Ish into the system 
source and the harmonic attenuation factor y are given in the following equations: 

Z " \I Lh -> CD 



/,* =' 



I Lh 



K + Z F + Z s 



:| 



K + Z F + Z s 



l-> (2) 



Assuming that the fundamental component of the supply voltage is fully dropped across the PPF, the 
voltage and current of APF can be derived as follows [24]: 

v„ =5X* =Ir Z f» J m =E^-4 ->(3) 

h h h 



The rms value of ' VAF is defined as 

V ' „ = 



V ■ 



-> (5) 



f A = 5, 7 ,11, 13, 17, 19, 23, 25 

The capacity of the APF is determined by the current /' AF and the voltage ' VAF. It is obvious that the 

low VA rating of APF can be achieved by decreasing ' /AF and ' VAF. In this shunt hybrid topology, 

the current 7" AF is almost constant, so the only way to reduce the VA rating of APF is to decrease the 

voltage VAF. 

B. Multi objective Optimal Design Model for HAPF: 

As mentioned earlier, when designing an HAPF, it is very important to minimize the capacity of the 

APF component, and there are some other objectives and constraints to be considered when the APF 

of the HAPF is cut off due to faults, the PPF part keeps work in to mitigate harmonics until the APF is 

restored. It follows that some additional constraints should be included in respect of such occasions. 

The constructions of objective functions and constraints are described next. 

Three important objective functions are defined as follows. 

1) Minimize the capacity of the APF, which is mainly determined by the harmonic voltage across it 



vrimV AF - 



2) Minimize the current THD with HAPF 

mmTHDI, 



V 



AFh 



(6) 



h=5,7 ,11,13,17,19,23,25 



= JI 



v'w 



-> (7) 



where THDIHAPF is the current THD with the HAPF in place; and the definitions of Ish, 71 , and N 

are the same as those in (7). 

3) Maximize the reactive power compensation 

max £ Q, -» (8) 



= 5,7,77 



Where Qi is same with that in (9) 
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Constraints are defined as follows. 

The tolerated values quoted hereinafter are also based on the National standard. 

1) Requirements of total harmonic filtering with the HAPF 

THDI HAPF < THDI MAX -> (9) 

Where THDIMAX is defined in (10) 

When PPF runs individually with the APF cutoff, an additional constraint is added as follows: 

THDI PPF < THDI MAX -> (10) 

Where THDIPPF is the THD with the PPF alone 

2) Requirements of individual harmonic filtering with HAPF and PPF alone: Each order harmonic 
should satisfy the standards, so the following constraints are included: 

7^</ /w ,/z=5,7,ll,iai7,19,2a25^(ll) 

/^</ /w ,/i=5,7,Um7,19,2i25^(12) 

Where IHAPF sh and IPPF sh are, respectively, the rms values of the h th order harmonic current into the 
system source with the HAPF and the PPF alone 7/z max is defined by (1 1). 

3) Fundamental reactive power compensation limits: The fundamental reactive power must be 
restricted as 

Q < Y Q < Q -> (13) 

i = 5,7 ,H 

Where Q min and Q max are as defined in (12). 

4) Parallel and series resonance restrictions: Parallel and series resonance with system source will 
rarely happen for the HAPF due to the active damping function of the APF. Nevertheless, it is 
necessary to consider, during the HAPF design, parallel and series resonance restrictions when PPF 
works alone with the APF cutoff. Therefore, constraints are constructed, which are the same as those 
constructed during the PPF optimal design in (13)— (16). 

5) Consideration of the detuning constraints: The HAPF system is not sensitive to detuning effects 
because of the APF damping function. In the worst case, that the system impedance decreases by 
20%, the system frequency changes to 50.5 Hz, the capacitance of each branch increases by 5%, and 
the reactance also increases by 2%, then the filtering performance of the PPF alone should still satisfy 
all the standards and limit described earlier, as set out in (10), (12), and (13). 

C. Optimal Design for HAPF Based on PSO Based on the objectives and constraints constructed 
earlier for HAPF, the multi objective optimization task is carried out using an advanced PSO 
algorithm. The capacitance in each branch of the PPF and the characteristic frequency of the high-pass 
damped filter are chosen as optimal variables 

Xi = (C5, CI, CH, fH)T, while the tuning frequencies of the fifth and seventh single-tuned filters are 
predetermined as 242 and 342 Hz, respectively. According to the optimization objectives, the 
corresponding fitness functions are defined as 

F/(X ) = V AF -> (14) 

F 2 (X ) = THDI HAPF -> (15) 

F 3 (X ) = x e* -> ( 16 ) 

f = 5,7 ,H 

Similar methods were adopted to solve this multi objective optimization problem. The objective of 
minimizing the APF capacity is chosen as the final objective, while the other two objectives are 
solved by using acceptable level constraints, as shown in the following equations: 



m in 


Fr 


— > 


(17) 


F ' 

1 2 


< 


a I 


-> 


(18) 


a 2 


< 


f; 


< 


a; -> 



(19) 

Wherea'i, a '3, and a\ are the highest and lowest acceptable levels for the secondary objectives, 
respectively. The overall optimization process for the HAPF based on PSO is similar to that of the 
PPF in Fig. 4. 
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Table II : Design results of HAPFs based on PSO and conventional methods 



Design parameters 


Pso-method 


Conventional 
method 


The 5th Single- 
tuned filter 


C 5 =59.76uF 

L 5 =7.24mH 

Q 5 =60 


C 5 =80.6uF 

L 5 =5.37mH 

Q 5 =60 


The 7th single - 
tuned filter 


C 7 =12.32uF 

L 7 =17.58mH 

Q 7 =60 


C 7 =23.76uF 

L 7 =9.11mH 

Q 7 =60 


High-pass damped 
filter 


C H =52.06uF 

L H =1.20mH 

m=0.5 


C H =15.28uF 

L H =3.32mH 

m=0.5 



Table III : Harmonic current distributions with HAPFs based on PSO and conventional methods 



Harmonic 
orders 


PSO 
Method 

(%) 


Conventional 
Method 

(%) 


5 


0.24 


0.17 


7 


0.24 


0.11 


11 


0.25 


0.71 


13 


0.1 


0.3 


17 


0.07 


0.16 


19 


0.06 


0.12 


23 


0.13 


0.26 


25 


0.13 


0.26 


THD 


0.48 


0.91 


V AF 


116.64 V 


340.82 V 


Reactive Power 
Compensation 


4MVar 


3.88MVar 



The design results of HAPFs using PSO and conventional trial-and-error methods are listed in Table 
II. The design results based on the conventional method in Table II .It can be seen that the harmonic 
currents and reactive power are well compensated by both HAPFs and that the HAPF designed using 
the method based on PSO can obtain better filtering performance with lower THD (0.48%) and larger 
reactive power compensation (4MVar). Moreover, the voltage VAF of the APF, in this case, was 
much smaller than that based on conventional method. Therefore, the investment cost of the whole 
system is much reduced. Table IV shows the harmonic current distributions when the PPF is working 
alone, without the APF. 

A comparison is made between the PSO method and conventional method, and it can be seen that all 
the harmonic currents and the THD are still within the standards, and the filtering performance of PPF 
based on PSO is a little better. 

Table IV: Harmonic current distributions with PPFs alone Based on PSO and conventional methods 



Harmonic 
orders 


PSO 
Method 

(%) 


Conventional 
Method 

(%) 


5 


1.1 


0.82 


7 


0.76 


0.39 


11 


0.94 


1.13 


13 


0.26 


0.60 


17 


0.14 


0.29 


19 


0.11 


0.21 


23 


0.21 


0.40 


25 


0.20 


0.38 


THD 


1.68 


1.71 
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Table V: Harmonic current distributions with HAPFs alone considering detuning effects 



Harmonic 
Orders 


PSO 
Method HAPF 

(%) 


Conventional 
Method HAPF 

(%) 


5 


0.65 


0.44 


7 


0.75 


0.27 


11 


0.23 


0.71 


13 


0.1 


0.27 


17 


0.08 


0.16 


19 


0.06 


0.13 


23 


0.14 


0.28 


25 


0.14 


0.28 


THD 


1.05 


1.02 



In order to verify the filtering performances of HAPF alone under the worst detuning situations, 

comparisons are shown in Table V. It is clear that both HAPFs, using PSO method and conventional 

method, can obtain excellent filtering performance in spite of detuning effects. 

Fig. 4 shows the harmonic attenuation factors of HAPF alone using the PSO design method and 

considering detuning effects. It can be seen that the harmonic currents are still well attenuated, and no 

resonance point can be found. Furthermore, the attenuation factor of HAPF is much smaller than that 

of PPF, which shows the excellent harmonic mitigation performance of HAPF. 

The simulation using the MATLAB/SIMULINK software has been run based on field measurement 

data. The compensated source current with the HAPF is shown in Fig. 5. From Fig. 5, we can see that 

the source current is very close to a pure sine wave, with the current THD decreasing to 0.48%. 

Fig. 6 shows the convergence characteristics of the PSO algorithm developed in this paper for optimal 

design of HAPF. In this paper, the PSO algorithm is run 200 times, and every time, it can converge 

within 360 iterations. All those can demonstrate the efficiency and validity of PSO for the optimal 

HAPF design. 
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Fig 4. Harmonic attenuation factors of the HAPF and its PPF alone based on the PSO method. 

(a) Harmonic attenuation factor of the HAPF based on the PSO method. 

(b) Harmonic attenuation of the PPF alone based on the PSO method. 
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Fig 5.Compensated source current and its THD analysis with HAPF based on the PSO method 

(a) Compensated source currents of phase A with HAPF. 

(b) THD analysis of compensated source current. 
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Fig.7. Simulink model of HAPF using PSO & without PSO with balanced,& unbalanced models 
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Fig 8. Wave form of balanced load for HAPF-Conventional Method 
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Fig.9. Wave form of Unbalanced load for HAPF-Conventional Method 
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Fig.10. Wave form of Balanced load for HAPF-PSO Method 
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Fig.ll. Wave form of Unbalanced load for HAPF-PSO Method 



Table: VI. Results with Balanced Load 



SCHEME 


With PSO 


With PSO 


% 
THD 


P.F 


Reactive 
Power 
(VAR) 


% 
THD 


P.F 


Reactive 
Power 
(VAR) 


HAPF 


0.47 


0.9929 


6.665 


26.54 


0.599 


2.887 
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Table: VII. Results with Unbalanced Load 



SCHEME 


With PSO 


With PSO 


% 
THD 


P.F 


Reactive 
Power 
(VAR) 


% 
THD 


P.F 


Reactive 
Power 
(VAR) 


HAPF 


0.49 


0.9933 


6.663 


33.68 


0.764 


-8.0257 



IV. Conclusion 

The application of PSO to Hybrid active power filter is designed. The proposed control technique is 
found satisfactory to mitigate harmonics from utility current especially under balanced and 
unbalanced loading conditions. Thus, the resulting total current drawn from the ac mains is sinusoidal. 
The proposed design of SAF improves the overall control system performance over other 
conventional controller. The validity of the presented controllers was proved by simulation of a three 
phase four wire test system under balanced and unbalanced loading conditions. The proposed Hybrid 
shunt active filter compensate for balance and unbalanced nonlinear load currents, adapt itself to 
compensate variations in non linear load currents, and correct power factor of the supply side near to 
unity. Proposed APF topology limits THD percentage of source current under limits of IEEE-519 
standard. It has also been observed that reactive power compensation has improved leading to power 
factor improvement with the PSO Technique. 
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Abstract 

Coupling measurement is a focus of study for many of the software professionals from last few years. Object- 
oriented programming is an efficient programming technique for programmers because of its features like 
reusability, data abstraction etc. Coupling is a very impotent factor in object-oriented programming for 
software quality measurement and used as predictors of software quality attributes such as fault proneness, 
impact analysis, ripple effects of changes, changeability etc. Many researchers have worked on coupling 
measurement and found various dimensions of coupling. Researchers have also worked on various aspects of 
coupling like static coupling measurement, dynamic coupling measurement, class level coupling, object level 
coupling etc. But still there is no standardization in the field of coupling measurement which is accepted 
worldwide. As a result of this it is very difficult to select any existing measure which obtain clear picture of 
state-of-art of coupling measurement for object-oriented systems. This paper analyses some terminologies of 
coupling measurement proposed earlier and discusses usefulness of each. 

KEYWORDS: Coupling, measurement, object-oriented, dynamic, static 

I. Introduction 

Object oriented technology gaining significant importance in the field software development. To 

evaluate and maintain quality of object-oriented software there is a need to assess and analyse its 

design and implementation using appropriate measurement metrics [5]. A quality metrics should 

relate to external quality attributes of a design. External quality attributes include maintainability, 

reusability, error proneness, and understandability. 

Based on observations and empirical studies, coupling has shown a direct impact on software quality 

[5]. In general, one of the goals of software designers is to keep the coupling in object-oriented system 

as low as possible. Classes of the system that are strongly coupled are most likely to be affected by 

changes and bugs from other classes. Such classes have more architectural importance; coupling 

measures helps in such happenings [2]. 

It is commonly observed in an object-oriented programming technique, inheritance and polymorphism 

is used more frequently. Static coupling measurement attributes are not sufficient to measure coupling 

due to inheritance and polymorphism. 

As a result we focus on coupling measurement. We discuss various proposed dynamic coupling 

measurement metrics and their correlation quality attributes. We compare all measurement aspects 

and discuss in order to design uniform and standardized framework for coupling measurement. 

The following section outlines the related work for object-oriented coupling metrics. Section 3 a 

detailed survey of existing coupling measures is carried out. In section 4 we provide comparative 

study of all the frameworks. Section 5 concludes the paper. 
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II. Motivation 

Object-oriented measurement has become popular area. There are large numbers of measures 
proposed for object oriented attributes such as coupling, inheritance, coherence. Also, there are 
several negative aspects regarding the manner in which the measures are developed and being 
developed. Coupling is a more complex software attribute in object oriented systems but our 
understanding about coupling measurement factors is poor. There is no standardization for expressing 
coupling measures; many measures are not operationally defined i.e. there is some ambiguity in their 
definitions. As a result, it is difficult to understand how different measures relate to one other and 
what their potential use is. All above aspects ultimately shapes to a need of detailed study of coupling 
measurement in object-oriented systems. 

III. Related Work 

In this section we perform a detailed survey of existing coupling measurement frameworks in object- 
oriented systems. 

3.1. Framework by Erik Arisholm [4] 

The framework described by Erik considered following points regarding coupling measurement. 

• Dynamic behavior of software can be precisely inferred from run time information. 

• Static coupling measures may sometimes be inadequate when attempting to explain 
differences in changeability for object oriented design. 

The author derived three dimensions of coupling. 

1. Mapping : object or class 

2. Direction: import or export 

3. Strength: number of dynamic messages, distinct methods, or distinct classes. 
The empirical evaluation of the proposed dynamic coupling measure consists of two parts. 

• First to assess fundamental properties of the measure Second part evaluates whether the 

dynamic coupling measures can explain the change proneness of class. 

• Erik used the concept of role-models for dynamic coupling measurement. 

• Scenario: a specific sequence of interactions between the objects. 

• Role: abstract representation of the functional responsibility of each object in a given 

scenario. 
Object can have many roles because it may participate in many scenarios. The role-model reflects the 
dynamic coupling between the roles along three orthogonal dimensions: direction, mapping and 
strength. 

• Direction of Coupling (Import and Export coupling): Dynamic import coupling counts the 
messages sent from a role, whereas dynamic export coupling counts the messages 
received. 

• Mapping: Object-level and Class-level Coupling: Object-level coupling quantifies the extent 
to which messages are sent and received between the objects in the system. Dynamic, class- 
level coupling quantifies the extent of method dependencies between the classes 
implementing the methods of the caller object and the receiver object. 

• Strength of Coupling: The strength of coupling quantifies the amount of association between 
the roles. It is of three types. 

1. Number of dynamic messages. Within a run-time session, to count the total number of 
times each message is sent from one role to another to implement a certain functional 
scenario. 

2. Number of distinct method invocations. To count the number of distinct method 
invocations between two roles. 

3. Number of distinct classes. To count the number of distinct classes. 

Dynamic coupling is compared with static coupling and three important differences are Scope of 
Measurement, Dead code, Polymorphism. In all three measures dynamic coupling is considered more 
suitable than the static coupling. The relationship between dynamic coupling measures and the change 
proneness of the classes is explored by Erik and concluded that changes may prone to error. 
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3.2. Framework by R. Harrison, S. Counsell, R. Nithi [6] 

This framework involves following points regarding coupling measurement. 

1. Coupling between Object (CBO): Is a count of the number of classes to which a class is 
coupled. It counts each usage as a separate occurrence of coupling. This includes coupling via 
inheritance. 

2. Number of Associations (NAS): is defined as the number of associations of each class. 
Counted from design documents. Counts repeated invocations as a single occurrence of 
coupling. This also includes coupling from inheritance. 

Author considered that CBO is greater than NAS. 

Three hypotheses related to coupling are investigated by the authors: 

1. HI: As inter-class coupling increases, the understandability of a class decreases. This 

hypothesis is rejected by authors. 

2. H2: As inter-class coupling increases, the total number of errors found in a class increases. 

This hypothesis is rejected by authors. 

3. H3: As inter-class coupling increases, the error density of a class increases. This hypothesis is 

supported by authors. 
To investigate these hypotheses author studied dependent variables such as 

• Software Understandability (SU) 

• Number of known errors(KE) 

• Error per thousand non-comment source lines(KE/KNCSL) 

Also, Coupling due to object as a parameter of methods and return type for a method is considered by 
authors. 

3.3. Framework by Sherif M. Yacoub, Hany H. Ammar, and Tom Robinson [5] 

The authors have referred many papers and conclude following points regarding coupling 

measurement. 

Two design metrics are considered by authors. 

1. Static: can only calculate design time properties of an application. 

2. Dynamic: used to calculate actual runtime properties of an application. 
Two types of coupling is considered by authors 

1. Class level coupling (CLC): Only invocations from one method to another are considered. 

2. Object level coupling (OLC): The invocations from one method to another and frequency of 
invocations at run time is also considered. 

Authors also considered that, there is correlation between the number of faults and complexity of 
system. Therefore, static complexity is used to assess the quality of software. To measure dynamic 
complexity metrics authors used ROOM design charts. Cyclomatic complexity, operation complexity 
is calculated from ROOM charts. 

Authors explained export and import object coupling with context, description, formula and impact on 
design quality attributes. 

1. Export object coupling (EOC): Measure is a percentage of number of messages sent from 
object A to object B with respect to total number of messages exchanged during the execution 
of some scenario. 

2. Import Object coupling (IOC): Measure is a percentage of the number of messages received 
by object A and was sent by object B with respect to the total number of messages exchanged 
during the execution of some scenario. 

3.4. Framework by Erik Arisholm, Lionel C. Briand, and Audun F0yen [1] 

The authors described many significant dynamic coupling measures and highlights way in which they 
differ from static measures. Authors collected the measures using UML diagrams and accounted 
precisely for inheritance, polymorphism and dynamic binding. 
Classification of dynamic coupling measures 

1. Entity of measurement: The entity of measurement may be a class or an object. 

2. Granularity: The granularity can be class level or object level. 

3. Scope: The objects and classes are to be accounted for measurement. 
The authors captured situations for import and export coupling. 
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1. Dynamic messages: Total number of distinct messages sent from one object to other objects 
and vice versa, within the scope considered. 

2. Distinct method invocations: Number of distinct methods invoked by each method in each 
object. 

3. Distinct classes: Number of distinct classes that a method in a given object uses. 
The measures described by authors are summarized into table 1. 

Table 1. Heading and text fonts. 



Direction 


Entity 


Strength 


Import coupling 


Class 


Dynamic messages 


Distinct Methods 


Distinct classes 


Object 


Dynamic messages 


Distinct Methods 


Distinct classes 


Export coupling 


Class 


Dynamic messages 


Distinct Methods 


Distinct classes 


Object 


Dynamic messages 


Distinct Methods 


Distinct classes 



The authors described much more regarding polymorphism and dynamic binding using the above 
measures than the others and concluded that coupling is one of the factors which affect change 
proneness. 

3.5. Framework by Lionel C. Briand, John W. Daly, and Jurgen Wust [3] 

The authors identified six criteria of dynamic coupling measures. 

1. The type of connection: What items (attribute, method or class) constitutes coupling. 

2. The locus of impact: To decide whether to count import or export coupling. 

3. Granularity of the measure: The level of detail at which information is gathered, i.e. what 
components are to be measured and how exactly the connections are counted. 

4. Stability of server: There are two categories of class stability defined. The first is unstable 
classes which are subject to modification or development (user defined) and stable classes 
which are not subject o to change (library). 

5. Direct or indirect coupling: To decide whether to count direct or indirect coupling. For 
example, if a method ml invokes a method m2, which in turn invokes a method m3, we can 
say that ml indirectly invokes m3. Methods ml and m3 are indirectly connected. 

6. Inheritance: inheritance-based vs. non-inheritance-based coupling, and how to account for 
polymorphism, and how to assign attributes and methods to classes. 

IV. Comparison and Discussion of Existing Framework 

A comparison shows that there are differences in the manner in which coupling is addressed. There 
are differences due to different points of focus by different authors. It is observers that there is no 
uniformity in the measurement. The significant differences are discussed in the following subsection. 

4.1 Type of coupling 

In most of the frameworks the entity of measurement is a class or an object. But, the mechanisms that 
constitute coupling are different. Erik uses the concept of role-model that constitutes dynamic 
coupling. Harrison considers coupling due to any means between the classes including parameter 
passing to a method, return type of a method. Sherif and his team consider invocation from one 
method to another as a coupling. Lionel and his team consider connection due attributes, classes, and 
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method as a coupling. There are differences in the mechanism that constitute coupling with respect 
each framework. 

4.2 Strength of coupling 

It depends on type of connection and frequency of connection between two classes. Different types of 
coupling have different strengths. Erik counts the strength in terms of number of dynamic messages, 
number of distinct method invocations, and number of distinct classes involved in coupling. Harrison 
counts it in term of number of classes to which a class is coupled and counted each invocation 
separately. Sherif and his team counts strength in terms of method invocations and frequency of 
invocation. Lionel and his team have considered granularity instead of strength. Measure for strength 
of coupling is not uniform it also varies as per author. 

4.3 Direction of coupling 

The framework by Erik distinguishes import and export coupling. Import coupling counts messages 
sent from a role, whereas export coupling counts the messages received. Harrison has not discussed 
anything regarding direction of coupling. Sherif and his team have explained import and export 
coupling with respect to total number of messages exchanged during scenario. Lionel and his team 
explained it as a locus of impact in which import coupling is analyzed as client whereas export 
coupling as server in their roles. Definition of import and export coupling is also ambiguous. There is 
need to clearly define the concept of client and server class. 

4.4 Direct and indirect coupling 

Only Lionel and his team have discussed the concept of direct and indirect coupling. The observation 
is that many measures stated have used the direct coupling but some of measures have used indirect 
coupling also. Consideration of direct or indirect measure is again a matter of discussion. Many 
authors have not defined direct and indirect coupling. There is a need to clearly define these terms and 
to show measures under the terms. 

4.5 Stability of server class 

This point is unique to the framework by Lionel and his team. Using a stable class is better than using 
an unstable class, because modifications which could ripple through the system are less likely to 
occur. The remaining frameworks have not discussed this point; this is again an important point. How 
stability of server class is important that is also not discussed by many authors. 

4.6 Inheritance 

Inheritance is very important aspect of dynamic coupling. It is observed that there is a need to 
consider inheritance based coupling in measurement. Erik has considered polymorphism as part of 
dynamic coupling but not discussed inheritance. Harrison has considered coupling due to inheritance 
but not given any measures of inheritance and non-inheritance based coupling. Sherif also has used 
ROOM charts which shows coupling due to inheritance but explicitly it is not discussed. Erik and his 
team accounted inheritance, polymorphism and dynamic binding using various levels of granularity. 
Lionel and his team have differentiated various measures under the category of inheritance based and 
non-inheritance based coupling. There is no clear picture of how to use inheritance in coupling. Every 
author has different idea regarding inherence for coupling measurement. 

4.7 Granularity 

The granularity of the measure is the level of detail at which information is gathered. This is also an 
important point but not discussed by all the authors. Erik and Lionel have discussed the point but both 
have given a different explanation of the same. Very few authors have discussed this point. There is 
no clear understanding regarding granularity when we consider multilevel inheritance. 

V. Conclusions 

In this paper, we have studied five frameworks of dynamic coupling measurement for object-oriented 
systems. The motivation is to point out lack standardization and uniformity in the dynamic coupling 
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measurement. We have made comparison of all five frameworks with respect to total seven aspects. It 
is found that all frameworks differ in the definitions of measure, depth of measure, scope of measure 
and inclusion of points for coupling measurement. Many measures are ambiguous for e.g. type of 
coupling is an aspect in which cases which constitutes to a coupling are clearly not defined. Similarly, 
it is found with inheritance, strength of coupling and all other aspects of dynamic coupling 
measurement. Finally we come to the conclusion with following points. 

• There is need of standardization in the field of dynamic coupling measurement 

• Clear definition of every aspect of a measurement is needed 

• Scope of measurement is needed to define for each measure 

• Every measure must be empirically supported 

These are problems we faced in the study of the various frameworks emerged as ideas to design a new 
framework model for dynamic coupling measurement. 
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Abstract 

The purpose of this study is to investigate the effects on students' academic success of a visual didactic material 
developed in a computing environment which is believed it will enlighten the sudents during the process of 
completing the project and the explanation of "the Lighting Technique and Internal Installation Project" 
course that is taught in the curriculum of the electrical and electronic parts from institutions who are given 
formal and widely education such as Technical Education and Engineering Faculties, Vocational Colleges, 
Public Education Centers, Indrustrial Vocational High schools which are the bakcbone of vocational and 
technical education. In addition, the use of the educational software as in this area as a didactic material that is 
developed for the mentioned course is determined as a subsequent goal. To test the effectiveness of the 
developed educational software in the learning process there are two measurement tools for the cognitive 
dimension developed according experts and accordant findings of these measurement tools the effectiveness is 
examined. 

KEYWORDS' Computer-assisted teaching, Computer-assisted education, Electrical Installation Project, 
Visual Education 

I. Introduction 

Vocational and technical education can be defined as "the whole teaching, supervision, magament 

with coordination, organization, development, research and planning activities of any kind vocational 

and technical training in the industry, agriculture and service sectors within the integrity of the 

national education" [1]. 

In developed western countries is vocational training defined as a vocation branch that aims to gain a 

career through practical activities or manual skills [2]. The purpose of vocational-technical education 

is in generally to educate and train individuals as qualified work force for employment in the industry, 

trade and service sectors, and to give the basic education that is required for the transition to higher 

education institutions which is the continuation of their vocation [3]. 

During examination of the curricula from developed countries and European countries in particular, 

there is a presence of a linear proportionality observed between their development and their 

importance for vocational and technical training. 

The self-sufficiency of the countries at the point of producing goods and services and getting healthy 

along with other countries with which they have economic relations, using the current technology and 

producing new technologies is related with the importance they show for vocational and technical 



«T 



Vol. 2, Issue 1, pp. 51-61 



International Journal of Advances in Engineering & Technology, Jan 2012. 

©IJAET ISSN: 2231-1963 

training in their development plans. Therefore, instructors strive to make the content more effectively 
when programming the learning processes. 

An effective education can be achieved by discussing and eliminating time, space and economic 
concerns which limit the instructors as well as the students. This discussion encloses a wide area that 
includes the systematic and reflective transfering process of the teaching design on the teaching and 
learning principles, didactic materials, didactic activities, information sources and evaluation plans 
[4]. 

While these concepts are discussed, the learning of the student by internalizing the given information 
comes to the fore in the 'teacher, student and environment triangle' which has an important role in the 
teaching process. By thinking that each learner has different psychological, social and cognitive 
development characteristics, the importance remains of converting the teacher-centered education into 
student-centered and preparing in this context the teaching desing by taken the learning style of the 
learner into account [5]. 

According research [6,7], it is determined that taking the learner to the center of the learning process 
and the education processes that are established by considering the learning methods ameliorate the 
creativity, motivation and the acamedic achievement. It is putting forth that in an education designed 
by including the learning methods into the learning process, the learner can use the information more 
effective by remembering it for a longer time [8]. When on the other hand studies on learning styles 
are examined [9,10,11], it is observed that as a result of teaching designs that are configured by the 
participation of the learner in the learner process and that are supported with technologies, the 
academic success and performance increased and that a more positive attitude to learning is 
developed. The concerned findings of the research puts forth that the teacher need to prepare the 
learning environment; method, technique and didactic materials according the properties of the 
student and the lesson [5]. Crowded classrooms, unmet education demands, facilities, equipment 
inability, unbalanced distribution in terms of equality of opportunity, unmet individual needs, yield 
losses of students' success and similar problems are considered as the crucial characteristic problems 
of the traditional education systems. The Turkish vocational and technical education remained behind 
the developed countries in terms of the number students per teaching staff. The number of student per 
teaching staff ranges in the four-year vocational and technical training faculties from 22,7 to 33,6, in 
the Vocational School of Higher Education it is 60,8 and in the secondary school it is 31,7. In 
developed countries these numbers mainly ranges from 5 to 10. The most important problems of the 
vocational and technical education institutions in addition to the problems around the number of 
student and lack of teaching staff are infrastructure, technological equipment and the deficit of 
laboratory and workshop [12]. 

The sheer number of students per teaching staff will negativly affect the learning process in classes 
where computers are used as tool. The elimination of these problems will be possible with bringing 
the invididual to the fore during the education process, with a student-centered education, by 
designing, applying, evaluating and developing the techniques to be applied during the process, with a 
contemporary understanding and in accordance with the needs of the time [13]. 

The each day growing complexity of education, the rise of the information to learn, the need for 
qualified and modern education require the use of computers as a tool in education. The use of 
technology in education will provide that the education will be carried out in accordance with the 
needs of the era as well as that the highest appropriate yield will be received from education [14]. The 
computer which is one of the technological capabilities and a basic element of culture in our century, 
has become a tool which use is rapidly spread [15]. 

Computer-assisted education is the set of applications about the use of the computer as a tool for a 
directly offer of the course contents, for repeating knowledge gained in other ways, for solving 
problems, for practice and for similar activities [15]. The education technology that will meet the 
specified requirements includes the targeted application of human power and other resources so 
learning can be convert to easy, concrete, rich, meaningful, motivational, encouraging, efficient and 
qualified activities by optimizing the teaching-learning processes [16]. 

In this study it is aimed to present the above-mentioned advantages of educational technology in a 
particular course. The research model has an experimental - control group pattern, and the work 
group consist the fourth grade students who follow the Lighting Technique and Internal Installation 
Project course of the Electricity Teacher Training Department from the Faculty of Technical 
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Education which is located in the Southeast Anatolia Region. The experimental and control group are 
obtained by randomly splitting 30 students of the same branch into equal groups. 
The nature of the executed course includes a project-based process for the experimental group as well 
as for the control group. After the theoretical dimension of the course was explained to the students 
during five weeks in the same environment and equal time frames, the students in the control group 
received a single purpose educational software CD that is developed by researchers. The studenst of 
the control group were released to take advantage of any kind of material including internet after the 
theoretical process of the instructor. Both groups of students were asked to project the strong and 
weak current installation on their own architectural projects. This is the common method troughout 
the country to train students in this course. There has been no intervention in the experimental-control 
groups. 

1.1 Educational Technology 

Educational Technology is the functional structuration of the learning or education processes by 

running knowledge and skills to dominate education in general and learning in particular. 

According to another definition, educational technology is a branch of science that studies the ways to 

carry individuals to the special purposes of education by using wisely and skillfully the accessible 

human power and other sources related to education and based on relevant data about communication 

and learning from behavioral sciences with appropriate methods and techniques and by evaluating the 

results. 

The current sense of educational technology is a technology related to education sciences that 

developes, applies, evaluates and manages appropriate designs by running the whole concerning 

elements (human power, knowledge, method and techniques, tools and necessary arrangements) for a 

systematic and scientific analysis of all aspects of the phenomenon of human learning and to bring 

solutions. In other words, educational technology is an original discipline about learning and teaching 

processes [17]. 

The reflections of the effective use of education technologies on the learning process can be listed as 

follows: 

Technologies: 

• improves the quality of learning. 

• reduces the time spent to reach the goal of the students and teachers. 

• improves the effectiveness of teaching. 

• reduces the cost of education without reducing the quality. 

• involves the student in the environment [18]. 

Some of the facilities of the modern educational technology provided for educational applications can 
be listed as follows: 

• Providing freedom and initiative, 

• Enlarging options, 

• Saving the individual from the monopoly of the group, 

• Providing the student the opportunity of individual and independent learning, 

• Providing information of the first source, 

• Solving the inequality of opportunities, 

• Providing quality in education, 

• Providing standardization, diversity and flexibility in education programs, 

• Increasing the speed of learning, 

• Adding at the same time individuation and popularization properties to the educational 
services, 

• Providing the opportunity to increase the efficiency and effectiveness of the learning-teaching 
processes [17]. 

1.2 Computer- Assisted Teaching 

Thanks to the features like quickly processing, saving and delivering information, the computer has 
become the most wanted tool in education. The use of an intensive technology is indeed regarded as 
strange because of the human labor in the activities of measuring and evaluating the success, in the 
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student guidance-consultancy work and in the running of educational services that have become 
complicated depending on the growing number of student in researchs on education. The intensive 
usage of technological resources in education has received a wide acceptation and the applications has 
increased. Therefore the apply in education of computers which are used in every stage of life can not 
be opposed. Computers are filling an important gap in several topics in which the tools and materials 
used in traditional education are insufficient. Many matters that are difficult or impossible to perform 
in traditional education can be accomplished with computers. 

In computer-assisted education, the computer has an application area where it can be used supportive, 
with the teacher or individually or with other methods and techniques. Therefore, the computer- 
assisted education is seen as the most promising between the methods in education services. It is 
indicated that using a virtual lab in engineering education has a positive impact on factors such as the 
involvement of students in class, the self-confidence and motivation [19], provides students an 
individual learning environment [20], gives the students the opportunity to gain a wide variety of 
experiences about different approaches and helps to learn in an interactive and meaningful way [21]. 
The computer-assisted education as an educational environment where the teacher prepares the 
learning environment, recognizes the students abilities, accomplishes the activities like repeating, 
practising, directing and personalization according to the students' capabilities requires the usage of 
the computer in different place, time and ways according to the learning objectives which are 
determined in agreement with the structure of the teaching matter [22]. 

The following findings were obtained in some international researchs about the usage of the computer 
in education; 

1. The computer helps the students to achieve their academic goals. 

2. Compared to the traditional education, computer programs provide a saving of the learning 
time between 20% and 40%. 

3. Using the computer in the field of education has a positive impact on the students' success 
and increases the motivation. 

4. The effectiveness of educational software is playing an important role in the success of the 
computer-assisted education [23]. 

1.2.1 Benefits of Computer- Assisted Teaching 

The benefits of computer-assisted teaching can be listed as followed; 

The materials that were not understood can be repeated several times by the students. 

There is no dependency on someone else and each student learns at own pace. 

During the implementation of the computer-assisted training the student must participate actively in 

class. 

• Errors and shortages will be discovered and corrected while learning 

• The student has always a chance to answer again. 

• It keeps the students' interest to the class always alive. 

• Gives the teacher the opportunity to deal more closely with the students by saving them from 
works like repeating and correction etc. 

• Dangerous and expensive studies can be easily simulated with computer-assisted teaching 

• The students can learn more quickly and in a systematic way. 

• The level of students' attention can be held very high through drawings, colors, figures, and 
images the students see while following the class. 

• Learning is demoted into small units so that success can be achieved step by step by testing it 
on these units [22]. 

In addition, according to performed research [24], the most import benefit of the use of computers for 
education is the facilitation of the access to information. 

II. Method / Procedure 

2.1 The Goal and Importance of Research 

The current teaching in our education institutions are not going forward than an activity aimed to 
memorise rules by using the blackboard and the textbook which is a teacher-centered education. In 
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addition to the didactic methods applied in the existing system there is need for taking advantage of 
computer-assisted training applications like demonstration, simulation, practice and exercise, 
establishing a dialogue, problem solving, didactic games, information store, creative activities and 
testing [25]. The declines in computer prices and the need for computer in the communication and 
information age made the computer indispensable for especially new generation people. The 
disadvantages faced in education institutions like the insufficiency of time, place, technology and 
teaching staff created the need for learning activities outside of the school. At this point the 
widespread of computers that are present in almost every household has played an important role. 
University students, high school and even elementary school students are using computers to reinforce 
the treated material at school. 

While in many branches of science the effects of the computer-assisted education on the motivation of 
students and their academic success are examined, there is no found any research in electrical and 
electronical science branch in literature containing the project of a building's electrical installation. 
In this research is the following subject examined: The effects on students' academic success from the 
software that is developed to support the traditional education method in the Electrical Installation 
Project course which is an important part of the Electrical and Electronical Science branch. 

2.2 Work Group 

The workgroup of this research is formed by the students of the fourth class who follow the Lighting 
Technique and Indoor Installation Project course in the Electricity Teacher Training department of the 
Faculty of Technical Education of the University of Batman. The experimental group is obtained by 
randomly splitting 30 students studying at the same branch into 2 groups of 15 students. There is no 
significant difference identified between the grade point averages of the groups belonging to earlier 
periods. All members of the group are male. 

The members of group A an B received with a projection device at the same time periods and by the 
same instructor the required theoretical knowledge to project the strong and low current installation of 
a building in an AutoCAD software environment. Both groups received resources which contain the 
theoretical information about the course. The members of group B received also an audio-visual 
education CD that is developed by researchers through various programs in a computer environment. 
This education CD contains an audio-visual description in an AutoCAD drawing program 
environment of how to achieve all required processes from the creation of the symbols in the program 
environment that will be used in the electrical installation's project of a building, as well as the 
drawing of the strong and low current installation from the same building to the required calculations. 
This CD includes also the theoretical materials that are sorted systematically so that students can 
easily access when they require it. After that the groups of students are equiped with theoretical 
knowledge, they were asked to project the strong and low current installation on an architectural plan 
provided by the instructor or by the students. 

2.3 Private Educational Software 

High-tech products such as computers, television and internet are used in education area to support 
the training. Many educational institutions are choosing to develop new alternatives to take advantege 
of the benefits provided by new technologies and to improve the usability of their current education 
programs. It is intended to give more people an education outside of the traditional education 
approach by using this new methods thans to these alternatives [13]. The private didactic software 
which is prepared in a computer environment contains the audio-visual media that describes on a 
sample architectural plan the required processes for the project of an electrical installation of a 
building. With this software the students can repeat the issues that remain limited with the 
commentaries of the instructor in the classroom. Again, thank to the software including CD, they can 
see the path to follow to achieve the required calculation and the drawing of the electrical project. 
In the drawing of the project the AutoCAD program were prefered. Although the students master the 
principles of project drawing some students have had problems on the use of the program and they 
have transfered these problems to the instructor during the class as well as outside the classroom. This 
leads to a loss of time in the educational process. The explanation in the private didactic software is 
mostly done through the AutoCAD program. Thus the students can watch infinitely the processes so 
one assumes that the students will ask less questions to the instructors. The required operations to 
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make the necessary calculations and to draw the project are systematically determined so that the 
resolution of the problems faced by the students can be reached quickly. 

The prepared private didactic software also contains regulations for the drawing of the electrical 
installation project whereby the students possess an offline source about legislation. In short, the 
students who will project the electrical installation of a building can reach all required operations to 
execute and complete the project independently from space and time thanks to these private 
educational software. 

The videos which constitute the most important leg of a private didactic software were prepared by 
the Screen Recorder module of the Blueberry Flashback Professional software. The video comments 
that were created with the same module are technically optimized in terms of quality and 
performance. Audio files that were mounted on some videos are recorded with the Polderbits Sound 
Recorder and Editor software and the essential quality optimization were done. The image files used 
in the software were optimized for use with the Adobe Photoshop editor. All of these media has been 
turned into an autorun CD within in a suitable menu structure and duplicated through the Camtasia 
Studio software. 

Before the prepared private didactic software were applied on the experimental group, it is applied by 
researchers in the computer lab to detect and eliminate unforeseen technical problems by getting the 
views on the software of 30 final year students who are studying Computer and Instructional 
Technologies at the Education Faculty of the 'Yuzuncu Yil' University. The percentage and frequency 
results concerning the obtained views are presented in Table 1. 

Table 1 . View of students about the Private Educational Software 



CRITERIA 


Very bad 


Bad 


Mediocre 


Good 


Very Good 


N=30 


f 


% 


f 


% 


f 


% 


f 


% 


f 


% 


1 . The level of attractiveness of video 
and animations 


- 


- 


- 


- 


9 


30 


15 


50 


6 


20 


2. Easy usage of interfaces 


- 


- 


- 


- 


4 


13,3 


16 


53,3 


10 


33.3 


3. Understandability of the content 


- 


- 


- 


- 


9 


30 


14 


46,6 


7 


23,3 


4. Systematic transitions between 
topics 


- 


- 


- 


- 


7 


23,3 


18 


60 


5 


16,6 


5. Color matching between text and 
graphics 


- 


- 


- 


- 


5 


16,6 


15 


50 


10 


33,3 


6. Functionality of the transition 
buttons 


- 


- 


- 


- 


7 


23,3 


20 


66,6 


3 


10 


7. Density of the graphics display 


- 


- 


- 


- 


6 


20 


15 


50 


9 


30 


8. Readability of the screen 


- 


- 


- 


- 


6 


20 


19 


63,3 


5 


16,6 


9. Flexibility of the video playback 
buttons 


- 


- 


- 


- 


4 


13,3 


11 


36,6 


15 


50 


10. The sound quality and 
adjustability 


- 


- 


- 


- 


16 


53,3 


14 


46,6 


- 


- 


1 1 . Loading and execution speeds of 
videos 


- 


- 


- 


- 


15 


50 


12 


40 


3 


10 


12. Suitability of the font and point 
values of the characters 


- 


- 


- 


- 


7 


23,3 


13 


43,3 


10 


33,3 



By analyse Table 1 we can see that the students' views about the articles 10 and 11 are middle and 
about the other articles it is good or very good. 

The reason of the high frequency at the middle selection of students' views about the article 
concerning the sound quality and adjustability is that 22050 Hz-48 Kbs-Mono were selected to 
provide that the audio files take a small place. These selections were changed as 44100 Hz-64 Kbs- 
Mono and converted into a Compact Disc quality. The reason that the students' view on the article 
concerning the load and execution speeds of videos are concentrated at the middle selection is that the 
graphic intensity is keeped at a high level to obtain a clear image. 

The different hardware values of the computers used by the students produced such a result. Thinking 
about the hardware sufficiency of the computers belonging to the members of the group that will 
receive a CD; the resolution, frequency and color quality are reduced from 800x600-70 Hz-32 Bit to 
800x600-60 Hz- 16 so that the negativity stipulated in article 11 will disappear. 
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2.3.1 Operation principle of the Private Educational Software 

The private didactic software developed by researchers through a variety of media development 
software is transformed into an autorun CD. After the installation of the CD on the computer, the 
main page of the software appears on the screen (Figure 1). 



Electrical Installation Project Drawing Educational Softwan 



The creation of the list of symbol 
Drawing of the high current installation 
Drawing of the low current installation 
Drawing of the column charts 

High current column chart 

Automatic ladder lighting column chart 

Diafon installation column chart 

Television and telephone Installation column 
. 'reparation of the upload schedule table 
Calculation Of the voltage drop 



Calculation of the grounding 

References 

Regulations about the electrical installations 

idarts 

it r acts 

cifications 
ghting methods and calculations 
laterials used in the electrical installation 
Help 



Figure 1. Main page of the Electrical Installation Project Drawing Educational Software 

The main page of the software consists 3 parts: 

1. Visual and audio videos commentary: This part contains the visual and audio videos on the 
architectural project prepared by researchers. The students can get support on concerning 
issues in the process of creating the project. 

Referenced documents: This section contains the offline sources which includes the principles 
of the Electrical Installation Project drawing developed by researchers. It is assumed that the 
students can faster attain the desired information thanks to this feature. 

Help: This part contains the help topics that include the operation principle of the program for 
an effective use of the private educational software by students. 



2. 



3. 



The crucial part of the software is formed by audio and videos developed by researchers that 
systematically demonstrate from start to finish the project of an electrical installation on an 
architecectural plan (Figure 2). Thanks to these videos, students can resolve the problems they face in 
the executing process of their own projects. In this way, the need to communicate with the instructor 
for every encountered problem will be eliminated. 
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Flash Player 



File Movie About., 



o ■ 



ca d 



J AutoCAD 2002 - [C:\Documents and Settings\Administrator\Desktop\Kuwetli_Akim\Elektrik_Tesisat.dwg] 



Ep File Edit View Insert Format Tools Draw Dimension Modify Image Window Help 
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ID 



Mi VF ? A 



P ^ | tf a £& ^M kuvvetli akim jj |§ | D ByLayer ^l[ 



ByLayer ^| 1 1 0.40~ T] | f 



~3 




Regenera t i ng mode 1 . 

AutoCAD menu utilities loaded . 



Command : 



^r 



19808.0302,1560.0579,0.0000 



~| SNAP| GRID| 0RTH0| POLAR |0SNAP|0TRACK LWT||M0DEL 

Figure 2. A screenshot of a video from the Educational software 



- 



III. Findings and Commentary 

After the transfer of the necessary theoretical knowledge by the traditional education system on equal 
terms and times to the groups A and B that constitute the research groups, were exercises made on 
sample projects with a projection device. The students of group A and B began to undertake their 
projects after the suitability of the students' architectural projects has been confirmed by the 
instructors. The developments about the conduct of the students' projects were assessed through 
scales prepared by researchers during a process of approximately 30 days (Table 2). 
In the scale showing that the students in group B are in general more successful the remarkable items 
of success are as followed: 



The accuracy of drawn symbols to be used in the Project 

Compliance of drawing elements with the regulation places 

Conformity of the socket number and forces with regulation 

Adequacy of management in the drawing layer 

Accuracy of calculation of the voltage drop 

Accuracy of the upload table 

Accuracy of calculation of the grounding 

The correct use of time in the project execution process 

The research shows that the prepared training Cd assisted the students in the required 
calculations and drawings of the project. Item 13 of the scale especially shows that the students who 
utilized the training Cd did used the time correctly, while the students in group A couldn't use it 
correctly because they often felt the need to consult the educational staff. 
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Table 2. Findings concerning the undertake of the project from the group member 




Students group A 


Students group B 


CRITERIA 


Weak 


Passes 


Mediocre 


Good 


Very 
Good 


Weak 


Passes 


Mediocr 
e 


Good 


Very 
Good 


N=15 


f 


% 


f 


% 


f 


% 


f 


% 


f 


% 


1 


% 


f 


% 


f 


% 


f 


% 


f 


% 


LTbe accuracy of drawn symbols to be 
used in t lie project 


1 


6,6 


3 


20 


7 


46,6 


4 


26,6 


- 


- 


- 


- 


1 


6,6 


2 


13,3 


6 


40 


6 


40 


2, The accuracy of the line type and 

thickness used in the project 


- 


- 


3 


20 


8 


53,3 


3 


20 


1 


6,66 


- 


- 


- 


- 


4 


26,6 


7 


46,6 


4 


26,6 


3, Compliance of drawing elements with 
the regulation places 


- 


- 


T 


13,3 


11 


73,3 


2 


13,3 


- 


- 


- 


- 


1 


6,6 


- 


- 


5 


33,3 


9 


60 


4. Suitability of regulation with lamp 
location, number and forces 


1 


6,6 


4 


26,6 


6 


40 


4 


26,6 














4 


26,6 


5 


33,3 


6 


40 


5, Conformity of the socket number and 
forces with regulation 


- 


- 


2 


13,3 


5 


33,3 


6 


40 


2 


13,3 


- 


- 


- 


- 


3 


20 


8 


53,3 


4 


26,6 


6. Adequacy of management in the 
drawing layer 


- 


- 


4 


26,6 


7 


46,6 


3 


20 


1 


6,66 


- 


- 


- 


- 


4 


26,6 


3 


20 


8 


53,3 


7. Accuracy of the strong current colon 

chart 


- 


- 


5 


33,3 


3 


20 


6 


40 


1 


6,66 


- 


- 


2 


13,3 


6 


40 


3 


20 


4 


26,6 


8, Accuracy of the low current colon chart 


- 


- 


4 


26,6 


5 


33,3 


6 


40 


- 


- 


- 


- 


1 


6,6 


5 


33,3 


4 


26,6 


5 


33,3 


9. Accuracy of calculation of the voltage 
drop 


2 


13,3 


4 


26,6 


7 


46,6 


2 


13,3 














6 


40 


4 


26,6 


5 


33,3 


10. Conformity of scaling 


- 


- 


1 


6,6 


7 


46,6 


5 


33,3 


2 


13,3 


- 


- 


- 


- 


4 


26,6 


8 


53,3 


3 


20 


11. Accuracy of the upload table 


- 


- 


5 


33,3 


5 


33,3 


5 


33,3 














7 


46,6 


3 


20 


5 


33,3 


12. Accuracy of calculation of the 
grounding 


- 


- 


4 


26,6 


6 


40 


3 


20 


2 


13,3 


- 


- 


- 


- 


3 


20 


5 


33,3 


7 


46,6 


1 3. The correct use of time in the project 
execution process 


5 


33,3 


8 


53,3 


2 


13,3 


















3 


20 


6 


40 


6 


40 



IV. Conclusion 

In recent years, the effects from computer-assisted education on learning is extensively examined by 

researchers in different fields. Computer-assisted education is been used frequently in modern 

educational systems because of its benefits like providing persistence in learning in general, providing 

a learner-centered learning process, getting the event of learning out of four walls and making it 

independent from space and time, providing the possibility to practice frequently and providing a 

quick access to information. 

In this experimental study, the effects from computer-assisted education on the success of students 

taking the course Electrical Installation Project drawning were researched. The results obtained in the 

light of research findings are presented in the following items: 

According the results of the scale developed by researchers, was the academic success of the group 

that had received a visual training CD as a supllement to the traditional education was higher than the 

success of the group that had learned only with the traditional education system. 

It is observed that the students of the group that possesed a private didactic software during a process 

of approximately one month, asked the instructors for less help. This shows that the visual education 

CD contributed to the development of the individual competences of the students. 

According these results it can be defend that in project-based courses the targeted and specially 

developed visual and auditory didactic materials that the students can consult independent of time or 

place during the project are more effective than other materials in scattered places. 

There may be some disadvantages besides the benefits that the study revealed. For example, the 

teamspirit may weaken because the students work individually. This and similar disadvantages are 

waiting for researchers as a subject of an other study. 
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Abstract 

This study utilised fractal disk dimension characterization to investigate the time evolution of the Poincare 
sections of a harmonically excited Duffing oscillator. Multiple trajectories of the Duffing oscillator were solved 
simultaneously using Runge-Kutta constant step algorithms from set of randomly selected very close initial 
conditions for three different cases. These initial conditions were from a very small phase space that 
approximates geometrically a line. The attractor highest estimated fractal disk dimension was first recorded at 
the end of 15, 22, and 5 excitation periods for Case-1, Case-2 and Case-3 respectively. The corresponding 
scatter phase plots for Case-1 and Case-2 agreed qualitatively with stroboscopic-ally obtained Poincare 
sections found in the literature. The study thus established sensitivity of Duffing to initial conditions when 
driven by different combination of damping coefficient, excitation amplitude and frequency. It however showed 
a faster, accurate and reliable alternative computational method for generating its Poincare sections. 

KEYWORDS' Duffing oscillator, Fractal, Poincare sections, Trajectories, Disk dimension, Runge-Kutta and 
phase space 

I. Introduction 

Duffing oscillator can be described as an example of a periodically forced oscillator with a nonlinear 
elasticity [14]. This can be considered as chaotic system since it is characterized by nonlinearity and 
sensitivity to initial conditions. Available literature shows that Duffing oscillator has been highly 
studied and this is due to its wide modelling applications in various fields of dynamics. The dynamics 
of duffing oscillator has been studied using various tools. [9] investigated the dynamical behaviour of 
a duffing oscillator using bifurcation diagrams .The results of the study revealed that while bifurcation 
diagram is a resourceful instrument for global view of the dynamics of duffing oscillator system over 
a range of control parameter, it also shows that its dynamics depend strongly on initial conditions. 
[11] Investigated the dynamic stabilization in the double-well Duffing oscillator using bifurcation 
diagrams. The research paper identified an interesting behaviour in the dynamic stabilization of the 
saddle fixed point. It was observed that when the driving amplitude is increased through a threshold 
value, the saddled fixed point. It was observed that when the driving amplitude is increased through a 
threshold value, the saddle fixed point becomes stabilized with the aid of a pitchfork bifurcation. The 
findings of the authors revealed that after the dynamic stabilization, the double-well Duffing oscillator 
behaves as the single -well Duffing oscillator. This is because the effect of the central potential 
barrier on the dynamics of the system becomes negligible. 

A fractal generally refers to a rough or fragmented geometric shape which is capable of been divided 
into parts. Each part is an approximately reduced-size copy of the whole. This property is popularly 
referred to as 'self-similarity'. We can also describe fractal as geometric pattern that is repeated at 
ever smaller scales to produce irregular shapes and surfaces that cannot be represented by classical 
geometry. The complex nature of fractal is becoming to attract more researchers interest in the recent 
time. This is because it has become a major fundamental of nonlinear dynamics and theory of chaos. 



"62j 



Vol. 2, Issue 1, pp. 62-72 



International Journal of Advances in Engineering & Technology, Jan 2012. 

©IJAET ISSN: 2231-1963 

Fractal structures and dynamical systems associated with phase plots are inseparable. The strong 
relationship between fractal structures and chaos theory will continue to remain the platform of 
success in nonlinear dynamics. Fractals are highly employed in computer modelling of irregular 
patterns and structures in nature. Though the theory of chaos and the concept of fractals evolved 
independently, they have been found to penetrate each other's front. The orbits of nonlinear 
dynamical system could be attracted or repelled to simple shape of nonlinear, near-circles or other 
shapes of Elucid[10].He furthered his explanation that,however,these are rare exceptions and the 
behaviour of most nonlinear dynamical systems tends to be more complictaed.The analysis of 
nonlinear dynamics fractal is useful for obtaining information about the future behaviour of complex 
systems [5] .The main reason for this is because they provide fundamental knowledge about the 
relation between these systems and uncertainty and indeterminism. [5] research paper focus on fractal 
structures in nonlinear dynamics. The work clearly describes the main types of fractal basin, their 
nature and the numerical and experimental techniques used to obtain them from both mathematical 
models and reap phenomena. [7] Research paper was on intermingled fractal arnold tongues. The 
paper presented a pattern of multiply interwoven Arnold tongues in the case of the single-well 
Duffing oscillator at low dissipation and weak forcing. It was observed that strips 2/2 Arnold tongues 
formed a truncated fractal and the tonguelike regions in between a filled by finely intermingled fractal 
like 1/1 and 3/3 Arnold tongues, which are fat fractals characterized by the uncertainty exponent alpha 
approximate to 0.7. The findings of authors showed that the truncated fractal Arnold tongues is 
present in the case of high dissipation as well, while the intermingled fractal pattern gradually 
disappears with increasing dissipation. [16] Research paper was on 1/3 pure sub-harmonic solution 
and fractal characteristic of transient process for Duffing' s equation. The investigation was carried out 
using the methods of harmonic balance and numerical integration. The author introduced assumed 
solution and was able to find the domain of sub-harmonic frequencies. The asymptotical stability of 
the sub-harmonic resonances and the sensitivity of the amplitude responses to the variation of 
damping coefficient were examined. Then, the subatomic resonances were analyzed by using 
techniques from the general fractal theory. The analysis reveals that the sensitive dimensions of the 
system time-field responses show sensitivity to the conditions of changed initial perturbation ,changed 
damping coefficient or the amplitude of excitation. The author concluded that the sensitive dimension 
can clearly describe the characteristics of the transient process of the subharmonic resonances. 
According to [15] , the studies of the phenomenon of chaos synchronization are usually based upon 
the analysis of transversely stable invariant manifold that contains an invariant set of trajectories 
corresponding to synchronous motions. The authors developed a new approach that relies on the 
notions of topological synchronization and the dimension for Poincare recurrences. The paper showed 
that the dimension of Poincare recurrences may serve as an indicator for the onset of synchronized 
chaotic oscillations. The hallmark of [12] paper in 2007 was to examine the application of a simple 
feedback controller to eliminate the chaotic behaviour in a controlled extended Duffing system. The 
reason was to regulate the chaotic motion of an extended Duffing system around less complex 
attractors, such as equilibrium points and periodic orbits. The author proposed a feedback controller 
which consists of a high -pass filler and a saturator. This gives the opportunity of simple 
implementation and can be made on the basis of measured signals. The authors sufficiently 
demonstrated this feedback control strategy using numerical simulations. [8] Study was on 
characterization of non stationary chaotic systems. The authors noticed that significant work has not 
been done in the characterization of these systems. The paper stated that the natural way to 
characterize these systems is to generate and examine ensemble snapshots using a large number of 
trajectories, which are capable of revealing the underlying fractal properties of the system. The 
authors concluded that by defining the Lyapunov exponent and the fractal dimension based on a 
proper probability measure from the ensemble snapshots, the Kaplan-Yorke formula which is 
fundamental in nonlinear dynamics can be shown. This finding remains correct most of the time even 
for non- stationary dynamical systems. 

Chaotic dynamical systems with phase space symmetries have been considered to exhibit riddle 
basins of attraction [l].This can be viewed as extreme fractal structures not minding how infinitesimal 
the uncertainty in the determination of an initial condition. The authors noticed that it is not possible 
to decrease the fraction of such points that will surely converge to a given attractor. The main aim of 
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the authors' work was to investigate extreme fractal structures in chaotic mechanical systems. The 
authors investigated mechanical systems depicting riddle basins of attraction. That is, a particle under 
two-dimensional potential with friction and time -periodic forcing. The authors was able to verify this 
riddling by checking its mathematical requirements through computation of finite-time Lyapunov 
exponents as well as by scaling laws that explains the fine structure of basin filaments densely 
intertwined in phase space. A critical characterization of non-ideal oscillators in parameter space was 
carried out by [13]. The authors investigated dynamical systems with non-ideal energy source. The 
chaotic dynamics of an impact oscillator and a Duffing oscillator with limited power supply were 
analyzed in two-dimensional parameter space by using the largest Lyapunov exponents identifying 
self-similar periodic sets, such as Arnold tongues and shrim-like structures. For the impact oscillator, 
the authors identified several coexistence of attractors showing a couple of them, with fractal basin 
boundaries. According to the paper, these kinds of basins structures introduce a certain degree of 
unpredictability on the final state. The simple interpretation of this is that the fractal basin boundary 
results in a severe obstruction to determine what attractor will be a fine state for a given initial 
condition with experimental error interval. 

Fractal characterization of evolving trajectories of a dynamical system will no doubt be of immense 
help in diagnosing the dynamics of very important chaotic systems such as Duffing oscillator. 
Extensive literature search shows that disk dimension is yet to be significantly employed in fractal 
characterization of Duffing oscillator. The objective of this study is to investigate and characterize the 
time evolution of Poincare sections of a harmonically excited Duffing oscillator using fractal disk 
dimension. 

This article is divided into four sections. Section 1 gives the study background and brief review of 
literature. Section 2 gives the detail of methodology employed in this research. Subsection 2.1 gives 
the equation of harmonically excited duffing oscillators that is employed in demonstrating fractal 
characterization of evolving trajectories. Subsection 2.1 gives explanation on the parameter details of 
all the studied cases. Different combinations of damping coefficient and excitation amplitude 
considered are clearly stated. The methodology is concluded in subsection 2.3 where explanation is 
given on how attractor is characterized. Section 3 gives detail results and discussion. The findings of 
this work are summarized in section 4 with relevant conclusions. 

II. Methodology 

2.1 Duffing Oscillator 

The studied normalized governing equation for the dynamic behaviour of harmonically excited 
Duffing system is given by equation (1). 

• • • y 

x+yx--(l-x 2 ) =P Sin(ax) (1) 

• •• 

In equation (l)x, x and x represents respectively displacement, velocity and acceleration of the 
Duffing oscillator about a set datum. The damping coefficient is y. Amplitude strength of harmonic 

excitation, excitation frequency and time are respectively/^, CO and/\ [2], [3] and [6] proposed that 

combination of y = 0.168, P = 0.21, andG) = 1 .0 or y = 0.0168, P o = 0.09 andtf> = 1.0 parameters 

leads to chaotic behaviour of harmonically excited Duffing oscillator. This study investigated the 
evolution of 3000 trajectories that started very close to each other and over 25 excitation periods at a 

Excitation vcviocl 

constant step (At = ) in Runge-Kutta fourth order algorithms. The resulting 

500 

attractors (see [4]) at the end of each excitation period were characterized with fractal disk dimension 

estimate based on optimum disk count algorithms. 

2.2 Parameter details of studied cases 

Three different cases were studied using the details given in table 1 in conjunction with governing 
equation (1). Common parameters to all cases includes initial displacement range ( 0.9 < x < 1.1 ), 



"64j 



Vol. 2, Issue 1, pp. 62-72 



International Journal of Advances in Engineering & Technology, Jan 2012. 

©IJAET ISSN: 2231-1963 

Zero initial velocity ( x ) ? excitation frequency ( ®) and random number generating seed value of 
9876. 

Table 1: Combined Parameters for Cases 



Cases 


Damping coefficient ( y ) 


Excitation amplitude ( P o ) 


Case-1 


0.1680 


0.21 


Case-2 


0.0168 


0.09 


Case-3 


0.0168 


0.21 



2.3 Attractor Characterization 

The optimum disk count algorithm was used to characterize all the resulting attractors based on fifteen 
(15) different disk scales of examination and over five (5) independent trials. 

III. Results and Discussion 

The scatter phase plots of figures 1, 2 and 3 shows the comparative attractors resulting from the time 
evolution of trajectories of Duffing oscillator for the studied cases. 



Initial attractor of all Cases 



1.00 
0.90 
0.80 
0.70 

> 0.60 
g 0.50 

> 0.40 
0.30 
0.20 \ 
0.10 
0.00 





85 0.90 0.95 1.00 1.05 

dissplacement 



1.10 



1.15 



Figure 1: Attractor of all cases at zero excitation period. 
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Figure 2: Comparison of attractors at 2 and 3 excitation periods. 
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Attractor of Case-2 at 5-excitation period 
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Attractor of Case-3 at 25-excitation period 
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Figure 3: Comparison of attractors at 5 and 25 excitation periods. 



Referring to figures 1, 2 and 3 the geometrical complexity of the attractors varied widely with cases 
and number of excitation periods. This is an affirmation of high sensitivity to initial conditions of 
Duffing oscillator behaviour if excited harmonically by some parameters combinations. The attractors 
of Case-1 and Case-2 approach qualitatively their respective stroboscopic-ally obtained Poincare 
section with increasing excitation period. 

The varied geometrical complexity of the attractors presented in figures 1, 2, and 3 can be 
characterized using fractal disk dimension measure. The algorithms for estimating the fractal disk 
dimension is demonstrated through presentation in table 2 and figure 4. 

Table 2: Disk required for complete cover of Case-1 attractor (Poincare section) at the end of 25 excitation 
periods. 



Disk scale 


Optimum 

Disk 
counted 


Disk counted in five (5) trials 


1 


2 


3 


4 


5 


1 


2 


3 


2 


2 


2 


2 


2 


4 


5 


4 


4 


5 


4 


3 


6 


8 


6 


8 


8 


8 


4 


11 


14 


12 


12 


12 


11 


5 


17 


19 


18 


18 


17 


17 


6 


21 


21 


21 


22 


21 


21 


7 


25 


25 


28 


27 


26 


28 


8 


28 


31 


31 


28 


30 


31 


9 


34 


38 


37 


34 


39 


37 


10 


40 


40 


42 


45 


41 


43 
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11 


45 


47 


47 


49 


46 


45 


12 


52 


54 


53 


55 


52 


54 


13 


60 


60 


62 


61 


60 


62 


14 


61 


65 


65 


67 


64 


61 


15 


68 


72 


69 


69 


72 


68 



Table 2 refers physical disk size for disk scale number one (1) is the largest while disk scale number 
fifteen (15) is the smallest. The first appearances of the optimum disk counted in five independent 
trials are shown in bold face through the fifteen scales of examination. Thus the optimum disk 
counted increases with decreasing physical disk size. The slope of line of best fit to logarithm plots of 
corresponding disk scale number and optimum disk counted gives the estimated fractal disk 
dimension of the attractor. Referring to figure 4 the estimated fractal dimension of the attractor of 
Case-1 at the end of 25-excitation periods is 1.3657 with an R 2 value of 0.9928. 
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Figure 4: Fractal disk dimension of case-1 attractor at the end of 25 excitation periods. 

The variation of estimated fractal disk dimension of attractors for studied cases with increasing 
excitation period is given in figure 5. 



Attractors Characterization 
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Figure 5: Variation of estimated disk dimension of attractors with excitation period. 

Figure 5 refers a rise to average steady value of estimated fractal disk dimension was 
observed for all studied cases except Case-3. This observation with Case-3 may be due to its low 
damping value (^=0.0168 ) and relative very high excitation amplitude (P o =0.21). The attractor 

highest estimated fractal disk dimension of 1.393, 1.701 and 1.737 was recorded for the first time at 
corresponding excitation periods of 15, 23 and 5 for Case-1, Case-2 and Case-3 respectively. 
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Table 3: Estimated fractal disk dimension of Case-1 attractors at the end of 26-different excitation periods. 



Standard 
deviation 


Excitation 
period 


Case-1 attractor different estimated fractal disk dimensions 


Optimum 


Average 


Five different trials 


1 


2 


3 


4 


5 


0.02 





0.928 


0.903 


0.898 


0.896 


0.878 


0.924 


0.919 


0.02 


1 


0.927 


0.918 


0.917 


0.908 


0.920 


0.888 


0.956 


0.01 


2 


0.948 


0.938 


0.929 


0.949 


0.956 


0.933 


0.923 


0.03 


3 


1.170 


1.146 


1.128 


1.161 


1.137 


1.121 


1.182 


0.03 


4 


1.314 


1.259 


1.262 


1.285 


1.205 


1.261 


1.284 


0.03 


5 


1.376 


1.340 


1.351 


1.348 


1.308 


1.315 


1.380 


0.02 


6 


1.333 


1.305 


1.275 


1.315 


1.317 


1.293 


1.327 


0.01 


7 


1.292 


1.297 


1.307 


1.304 


1.292 


1.293 


1.290 


0.01 


8 


1.325 


1.327 


1.331 


1.344 


1.312 


1.323 


1.328 


0.02 


9 


1.355 


1.341 


1.358 


1.309 


1.351 


1.332 


1.357 


0.02 


10 


1.368 


1.333 


1.319 


1.377 


1.331 


1.323 


1.317 


0.02 


11 


1.341 


1.324 


1.323 


1.350 


1.348 


1.295 


1.306 


0.02 


12 


1.350 


1.335 


1.309 


1.326 


1.369 


1.349 


1.320 


0.02 


13 


1.344 


1.341 


1.330 


1.357 


1.361 


1.348 


1.310 


0.02 


14 


1.339 


1.314 


1.330 


1.296 


1.282 


1.333 


1.328 


0.03 


15 


1.394 


1.345 


1.324 


1.324 


1.325 


1.400 


1.351 


0.02 


16 


1.350 


1.332 


1.309 


1.324 


1.348 


1.361 


1.320 


0.02 


17 


1.374 


1.345 


1.361 


1.356 


1.362 


1.327 


1.320 


0.03 


18 


1.349 


1.332 


1.313 


1.356 


1.371 


1.332 


1.290 


0.01 


19 


1.343 


1.341 


1.325 


1.357 


1.341 


1.333 


1.352 


0.06 


20 


1.346 


1.319 


1.335 


1.357 


1.356 


1.216 


1.331 


0.04 


21 


1.368 


1.340 


1.344 


1.355 


1.270 


1.341 


1.390 


0.02 


22 


1.359 


1.342 


1.355 


1.318 


1.319 


1.344 


1.375 


0.05 


23 


1.356 


1.323 


1.342 


1.331 


1.335 


1.362 


1.242 


0.02 


24 


1.342 


1.331 


1.329 


1.358 


1.305 


1.315 


1.345 


0.06 


25 


1.366 


1.331 


1.229 


1.383 


1.361 


1.325 


1.356 



Table 4: Estimated fractal disk dimension of Case-2 attractors at the end of 26-different excitation periods. 


Standard 
deviation 


Excitation 
period 


Case-2 attractor different estimated fractal disk dimensions 


Optimum 


Average 


Five different trials 


1 


2 


3 


4 


5 


0.01 





0.889 


0.910 


0.924 


0.909 


0.898 


0.896 


0.923 


0.03 


1 


0.926 


0.906 


0.920 


0.890 


0.894 


0.883 


0.944 


0.06 


2 


0.975 


0.948 


0.955 


0.984 


0.845 


0.976 


0.979 


0.01 


3 


1.063 


1.058 


1.063 


1.059 


1.057 


1.041 


1.071 


0.02 


4 


1.347 


1.326 


1.330 


1.334 


1.308 


1.353 


1.308 


0.02 


5 


1.499 


1.463 


1.481 


1.495 


1.452 


1.449 


1.437 


0.02 


6 


1.552 


1.528 


1.513 


1.549 


1.515 


1.540 


1.520 


0.05 


7 


1.605 


1.558 


1.567 


1.621 


1.554 


1.480 


1.571 


0.01 


8 


1.638 


1.609 


1.596 


1.605 


1.598 


1.617 


1.626 


0.02 


9 


1.646 


1.630 


1.626 


1.653 


1.601 


1.643 


1.629 


0.02 


10 


1.669 


1.636 


1.616 


1.666 


1.622 


1.627 


1.647 


0.02 


11 


1.674 


1.648 


1.667 


1.650 


1.621 


1.651 


1.650 


0.01 


12 


1.644 


1.646 


1.630 


1.657 


1.642 


1.642 


1.656 


0.03 


13 


1.678 


1.653 


1.669 


1.690 


1.631 


1.637 


1.639 


0.02 


14 


1.683 


1.658 


1.671 


1.658 


1.658 


1.626 


1.676 


0.02 


15 


1.691 


1.664 


1.669 


1.650 


1.702 


1.661 


1.639 


0.01 


16 


1.697 


1.671 


1.665 


1.685 


1.659 


1.670 


1.673 


0.01 


17 


1.679 


1.664 


1.675 


1.653 


1.652 


1.653 


1.683 


0.05 


18 


1.696 


1.657 


1.695 


1.682 


1.577 


1.680 


1.654 


0.01 


19 


1.675 


1.655 


1.653 


1.657 


1.655 


1.641 


1.667 


0.02 


20 


1.682 


1.669 


1.676 


1.659 


1.635 


1.683 


1.694 


0.02 


21 


1.688 


1.675 


1.681 


1.707 


1.674 


1.667 


1.648 
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0.02 


22 


1.688 


1.664 


1.637 


1.664 


1.664 


1.661 


1.695 


0.05 


23 


1.701 


1.656 


1.712 


1.583 


1.643 


1.681 


1.661 


0.01 


24 


1.656 


1.656 


1.665 


1.660 


1.664 


1.630 


1.661 


0.01 


25 


1.660 


1.652 


1.665 


1.660 


1.647 


1.650 


1.636 



Table 5: Estimated fractal disk dimension of Case-3 attractors at the end of 26-different excitatior 


l periods. 


Standard 
Deviation 


Excitation 
period 


Case-3 attractor different estimated fractal disk dimensions 


Optimum 


Average 


Five different trials 


1 


2 1 3 


4 


5 


0.03 





0.917 


0.915 


0.895 


0.905 


0.889 


0.945 


0.943 


0.01 


1 


0.881 


0.892 


0.895 


0.898 


0.910 


0.883 


0.875 


0.02 


2 


1.107 


1.094 


1.122 


1.079 


1.108 


1.090 


1.073 


0.02 


3 


1.441 


1.434 


1.457 


1.430 


1.436 


1.415 


1.434 


0.02 


4 


1.619 


1.593 


1.597 


1.620 


1.584 


1.583 


1.584 


0.05 


5 


1.682 


1.615 


1.592 


1.654 


1.683 


1.589 


1.558 


0.04 


6 


1.737 


1.648 


1.623 


1.635 


1.628 


1.724 


1.631 


0.05 


7 


1.704 


1.636 


1.564 


1.671 


1.651 


1.619 


1.675 


0.04 


8 


1.695 


1.598 


1.536 


1.610 


1.601 


1.632 


1.609 


0.04 


9 


1.527 


1.453 


1.434 


1.433 


1.429 


1.530 


1.440 


0.02 


10 


1.415 


1.408 


1.380 


1.411 


1.423 


1.419 


1.409 


0.03 


11 


1.432 


1.410 


1.361 


1.421 


1.412 


1.422 


1.434 


0.04 


12 


1.467 


1.432 


1.470 


1.409 


1.385 


1.440 


1.458 


0.02 


13 


1.504 


1.495 


1.506 


1.508 


1.497 


1.494 


1.469 


0.04 


14 


1.605 


1.514 


1.510 


1.501 


1.505 


1.576 


1.478 


0.04 


15 


1.540 


1.486 


1.495 


1.457 


1.437 


1.543 


1.496 


0.05 


16 


1.541 


1.490 


1.465 


1.445 


1.461 


1.541 


1.536 


0.02 


17 


1.562 


1.545 


1.552 


1.543 


1.508 


1.554 


1.566 


0.01 


18 


1.551 


1.538 


1.548 


1.556 


1.528 


1.530 


1.529 


0.03 


19 


1.565 


1.536 


1.489 


1.536 


1.543 


1.548 


1.566 


0.04 


20 


1.683 


1.571 


1.634 


1.545 


1.565 


1.565 


1.545 


0.02 


21 


1.592 


1.561 


1.574 


1.564 


1.564 


1.528 


1.575 


0.02 


22 


1.606 


1.590 


1.617 


1.577 


1.606 


1.569 


1.581 


0.06 


23 


1.687 


1.599 


1.586 


1.603 


1.576 


1.695 


1.534 


0.01 


24 


1.614 


1.603 


1.584 


1.618 


1.610 


1.599 


1.603 


0.03 


25 


1.623 


1.576 


1.607 


1.556 


1.606 


1.525 


1.584 



Tables 3, 4 and 5 refers the variation of optimum estimated fractal disk dimension with increasing 
excitation period is shown in figure 5. 



Attractors Characterization 




Case-1 
Case-2 
Case-3 



10.0 15.0 

Excitation period 



20.0 



25.0 



Figure 6: Variation of average estimated fractal disk dimension of attractors with excitation period. 
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In addition the variation of average estimated fractal disk dimension based on five independent trials 
with increasing excitation period is shown in figure 6. Figures 5 and 6 are same qualitatively. 
However the average estimated fractal disk dimensions are consistently lower than the corresponding 
optimum estimated fractal disk dimension for all attractors characterized. Standard deviation 
estimated for five trial results lies between minimum of 0.01 and maximum of 0.06 for all the cases 
and the attractors. 

Figures 5 and 6 indicated that the attractors for different cases ultimately evolve gradually to steady 
geometric structure. 

IV. Conclusions 

The study has demonstrated the Duffing oscillator high sensitivity behaviour to set of very close 
initial conditions under the combination of some harmonic excitation parameters. Cases 1 and 2 
evolve gradually to unique attractors which are comparable to corresponding Poincare sections 
obtained in the literature. On the final note, this study establishes the utility of fractal dimension as 
effective characterization tool and a novel alternative computational method that is faster, accurate 
and reliable for generating Duffing attractors or Poincare sections. 
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Abstract 

Standard cell placement is a NP complete open problem. The main objectives of a placement algorithm are to 
minimize chip area and the total wire length of all the nets. Due to interconnect dominance, Deep Sub Micron 
VLSI design flow does not converge leading to iterations between synthesis and layout steps. We present a new 
heuristic placement algorithm called Sankeerna, which tightly couples synthesis and routing and produces 
compact routable designs with minimum area and delay. We tested Sankeerna on several benchmarks using 
0.13 micron, 8 metal layer, standard cell technology library. There is an average improvement of 46.2% in 
delay, 8.8% in area and 114.4% in wire length when compared to existing placement algorithms. In this paper, 
we described the design and implementation of Sankeerna algorithm and its performance is illustrated through 
a worked out example. 

KEYWORDS: Placement, VLSI Design flow, Synthesis, Routing, Area and delay minimization 



I. Introduction 

VLSI chip complexity has been increasing as per the Moore's law, demanding more functionality, 
high performance, but with less design time. Producing compact layouts with high performance in 
shorter time is required, in order to meet the time to market needs of today's VLSI chips. This calls 
for tools, which run faster and also which converge without leading to design iterations. Placement is 
the major step in VLSI Design flow which decides the area and performance of the circuit. Detailed 
Routing is another time consuming step, which is performed after placement. If placement is not wire 
planned, routing may lead to heavy congestion resulting in several Design Rule Check (DRC) 
violations. It is required to iterate again with a new placement. If the wiring is not planned properly 
during placement, circuits routed may not meet the timing goals of the design. So there is a need for 
placers which are faster, produce compact layouts, meet the timing requirements and make the 
routing converge without DRC violations. The back end process of VLSI Design flow, that is, 
preparation of layout, is also to be tightly coupled with the front end synthesis process to avoid 
design iterations between synthesis and layout steps. It has been found that even after several 
iterations, this two step process does not converge and using wire load models this timing closure 
problem [1,2] will not be solved. 

In general, the standard cell placement problem can be stated as: Given a circuit consisting of 
technology mapped cells with fixed height and variable width, and a netlist connecting these cells, 
and Primary Inputs and Primary Outputs, construct a layout fixing the position of each cell without 
overlap with each other. The placement when routed should have minimum area, wire length, delay 
and should be routable. Minimum area is the area close to the sum of mapped standard cell areas. 
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Minimum wire length is the sum of all nets in the circuit when placed and routed. Delay is the delay 
of worst path in the routed circuit. Routability indicates that the layout should not be congested; wires 
routed should respect the Design Rules of the particular technology such that the routing is 
completed. Standard cell placement is known to be a NP complete open problem [3]. 
A Synergistic approach towards Deep Sub Micron (DSM) design, coupling logic synthesis and 
physical design is the need of the day [4, 1,5]. There have been efforts to integrate synthesis and 
layout steps [6, 7, 8, 9]. All these efforts try to estimate wire delays, with the hope that they will be 
met finally, which is not happening. Wire delays are inevitable. The problem is not with wire delays, 
but with the non convergence and unpredictability. What we need is a quick way of knowing the final 
delay and a converging design flow. We have developed a design flow and a placer called Sankeerna 
targeted to produce compact routable layouts without using wire load models. 

In Section 2, we briefly review the existing methods of placement and their limitations with respect to 
achieving a tightly coupled convergent design flow. Section 3 gives the basis for the Sankeerna 
algorithms. With this background, a new placer called Sankeerna was developed which is described 
in Section 4. The new placer Sankeerna is illustrated with an example in Section 5. The experimental 
setup to evaluate Sankeerna is described in Section 6. Results are tabulated and improvements 
obtained are discussed in Section 7. Conclusions of research work carried and future scope are given 
in Section 8. 

II. Related work 

Classical approaches to placement are reviewed in [10, 11, 3, 12, 13] and recent methods in [14, 15, 
16]. The placement methods are classified based on the way the placement is constructed. Placements 
methods are either Constructive or Iterative [13]. In constructive method, once the components are 
placed, they will never be modified thereafter. An iterative method repeatedly modifies a feasible 
placement by changing the positions of one or more core cells and evaluates the result. Because of the 
complexity, the circuits are partitioned before placement. The constructive methods are (a) 
Partitioning-based which divide the circuit into two or more sub circuits [17] (b) Quadratic 
assignment which formulates the placement problem as a quadratic assignment problem [18, 19, 20] 
and (c) Cluster growth which places cells sequentially one by one in a partially completed layout 
using a criteria like number of cells connected to a already placed cell [21]. Main iterative methods 
are (a) Simulated annealing [22, 23,35], (b) Simulated evolution [15, 24] and (c) Force-directed [25, 
20]. 

Another classification based on the placement technique used, was given in [20]. The placers were 
classified into three main categories namely (a) Stochastic placers which use simulated annealing 
which find global optimum with high CPU time, (b) Min-cut placers which recursively divide the 
netlist and chip area and (c). Analytical placers which define an analytical cost function and minimise 
it using numerical optimization methods. Some placers may use a combination of these techniques. 
These methods use only component cell dimensions and interconnection information and are not 
directly coupled to the synthesis. 

The methods which use structural properties of the circuit are (a) Hierarchical placement [27] (b) Re- 
synthesis [9] and (c) Re-timing. There are algorithms which use signal flow and logic dependency 
during placement [28, 29]. In [28], critical paths are straightened after finding the zigzags. When 
placement is coupled with synthesis, this extra burden of finding criss-crosses is not required. In [30], 
using the structure of the interconnection graph, Placement is performed in a spiral topology around 
the centre of the cell array driven by a Depth First Search (DFS) on the interconnection graph. The 
algorithm has linear time complexity to the number of cells in the circuit. 

To obtain delay optimized placements, timing driven placement methods are used [31, 32, 33, 34, 36, 
37, 38, 39, 40]. The idea is to reduce the wire length on certain paths instead of total wire length. 
These methods are either path based or net based. The longest path delays are minimized in path 
based methods. Finding longest paths exponentially grows with the complexity of the design. Timing 
constraints are transformed into net-length constraints in the net based algorithms. Then a weighted 
wire length minimized placement is done iteratively until better timing is achieved. The drawbacks of 
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this method are (a) delay budgeting is done without physical placement feasibility and (b) it is 
iterative. At the end of the iteration, the solution produced is evaluated. 

To control congestion and to achieve routability, white spaces are allocated at the time of placement 
[41, 26, 42, 43]. The problem with this approach is, it increases area which in turn will increase wire 
length and delay. In [44], it was shown that minimising wire length improves routability and layout 
quality. Allocating white space may not be the right approach to achieve routability. It is better to 
minimise the wire length instead of allocating white spaces. The white space allocated may not be the 
right place required for the router. 

The studies in [45] have shown that existing placement algorithms produce significantly inferior 
results when compared with the estimated optimal solutions. The studies in [12] show that the results 
of leading placement tools from both industry and academia may be up to 50% to 150% away from 
optimal in total wire length. 

The design flow convergence is another main requirement of Synergistic approach towards DSM 
design [4]. Placement plays a major role in this. As mentioned in [4], there are three types of design 
flows for Deep Sub Micron (DSM) namely (a) Logic synthesis drives DSM design (b) Physical 
design drives DSM design (c) Synergistic approach towards DSM design. In the last method (c), it is 
required to create iteration loops which tightly couple various levels of design flow. The 
unpredictability of area, delay, and routability of the circuits from synthesis to layout, is another 
major problem. The study in [46, 47] indicated that the non-convergence of design process is due to 
non-coupling of synthesis [48, 49, 50, 51] to placement process. We need a faster way of estimating 
area and delay from pre-place to post-route. If we fail to achieve this, we may not have a clue to 
converge. 

From the above analysis of the state of the art placement algorithms, we feel that there is still scope 
for improvement and the need for better placement algorithms meeting the requirements as mentioned 
in section 3. In the next Section, we describe the basis for our new algorithms, which try to solve 
some of the problems mentioned above. 

III. Basis for the New Algorithms 

The new placement algorithm should have the following features (a) linear or polynomial time 
complexity with respect to number of cells in the circuit, (b) awareness of synthesis and routing 
assumptions and expectations, that is, tight coupling of synthesis and routing as mentioned in [4, 46, 
47], (c) achieving minimum area and delay, (d) produce routable layouts without Design Rule Check 
(DRC) violations, by proper wire planning during placement, (e) delay of final layout should be 
predictable with trial routes and (f) should smoothly interface with synthesis and routing tools. 
In this section, we explain the basis for the Sankeerna algorithms. Since the circuits are to be placed 
to achieve minimum area and delay, we first try to find out what is the minimum area and delay 
which are achievable for a given circuit and technology library. The minimum area achievable is the 
sum of widths of all cells multiplied by the height of the standard cells. For a given standard cell 
technology library, the height is same for all cells. 

To find out the minimum delay achievable, we use Figure 1(a) to explain the delay calculation 
process. 
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Figure 1 (a) Logic & timing dependency (b) possible locations to place a cell 
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There are 4 gates marked as gl, g2, g3 and G. The gates gl, g2 and g3 are at level i and G is at level 
i+1 as per the logic of the circuit. Let d is delay of gate G, a is maximum of arrival times of (gl, g2, 
g3) at the input of G, b is block delay of G,/is fan-out delay of G and w is wire delay of G. Then d is 
equal to sum of a, Z?,/and w. The d is dependent on the arrival times of inputs gl, g2 and g3 which 
are in transitive fan-in of G. The gates gl, g2 and g3 in turn will have inputs either from Primary 
Inputs (Pis) or from other gates. So delay of G is dependent on the transitive fan in of all gates 
connected to gl, g2 and g3. To minimise d, the only thing that can be done at placement time is to 
minimize the wire delay w. Wire delay w depends on the wire lengths si, s2 and s3, and several other 
factors. We will consider only wire length here. To minimize wire lengths si, s2 and s3 which are 
outputs of gates gl, g2 and g3, they are to be placed at physically closest location to G. The possible 
places for a cell H which are nearer to a cell G are shown in Figure 1(b). H can be placed in any of 
the eight positions indicated by NW, N, NE, W, E, SW, S and SE. The distance from H output pin to 
G input pin for all these 8 possible locations depends on the width and height of H, G, and pin 
locations on these two cells. The lines 1, 2, 3, 4, 5, 6, 7 and 8 in Figure 1 show the Euclidean distance 
for all 8 positions. The same procedure can be adopted to calculate the Manhattan distance. The 
Physically Shortest Place (PSP) is the location which has minimum Manhattan distance. In real 
technology libraries, the cell positions are specified by a rectangle or a set of rectangles, not just as a 
point. So, we can choose to connect anywhere on the rectangle based on the closeness to the 
destination cell. Out of available locations, the one with the minimum Manhattan distance is on the 
Physically Shortest Path (PSP). 

Let r be the required time of a gate, and a be the arrival time, then the slack s at gate G is r minus a. 
Out of all slacks of inputs to a gate G, the Worst Negative Slack (WNS) indicates that the cell is on 
the critical path. The inputs gl, g2 and g3 which are more critical are to be placed closer to gate G 
when compared to others. This argument has to be recursively applied to all gates which are in 
transitive fan in of gl, g2 and g3. That is, placing gl nearer to G means, placing all the cells which 
are in transitive fan in of gl nearer to G. All gates which are in transitive fan in of gl are to be placed 
on PSP giving priority to cells which have higher WNS. Let WNS of gl, g2 and g3 be -2, -1 and -3 
respectively. Placement priority is g3 first, then gl and last g2. The minimum delay is achieved when 
gl, g2 and g3 are placed in PSP from Primary Outputs (POs) to Primary Inputs (Pis). 
Sankeerna uses constructive method of placement. Starting from the Primary Output (PO), cells are 
placed on PSP as explained above. The height to width ratio of the smallest drive capability inverter 
is 4 for the standard cell library we have used for conducting experiments in this paper. So the row of 
a standard cell becomes the Physically Shortest Path (PSP). WNS at each node input, decides Delay- 
wise Shortest Path (DSP). Sankeerna combines PSP and DSP concepts explained above to produce 
routable placements minimizing area, delay and wire length in linear time. These concepts are further 
illustrated with a fully worked out example in Section 5. The next Section explains the algorithms 
used in Sankeerna. 

IV. Algorithms used in SANKEERNA 

We have modified the algorithms of ANUPLACE [46] to produce delay optimized placements using 
a constructive method. Sankeerna reads the benchmark circuit which is in the form of a netlist, taken 
from "SIS" synthesizer [52], builds trees with Primary Outputs (POs) as roots. In SIS, we specify zero 
as the required time at the POs and print the worst slack at each node. This slack information is read 
along with the netlist into Sankeerna. The inputs are sorted based on this slack, with descending order 
of time criticality at each node. Starting from the root to the leaf node, nodes are placed on the layout 
after finding the closest free location. At each node, most time critical node is placed first using a 
modified Depth First Search (DFS) method. Priority is given to time when compared to depth of the 
tree. It was proved that placement of trees can be done in polynomial time [7]. A Depth First Search 
(DFS) algorithm was used in [30] which has linear time complexity to the number of connections. 
Tree based placement algorithms reported in literature have either linear time or O (n log n) time 
complexity [7, 53, 54, 55]. 
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We have used benchmark circuits from SIS [52] synthesizer in "BLIF" format which are then 
converted into Bookshelf [56] format using converters provided in [59, 60, 41, 61]. The normal 
placement benchmark circuits [57, 45] are not useful because they give only cell dimensions and 
interconnect information. Timing, cell mapping, logic dependency and other circuit information from 
synthesizer are not available in these placement benchmarks. These converters do not use technology 
library information for cell dimensions and pin locations. Sankeerna reads the technology 
information consisting (a) cell names, (b) cell dimensions height and width, (c) pin locations on the 
cells, (d) timing information, and (e) input load from a file. Using this technology information, 
Sankeerna generates the benchmark circuit in bookshelf format with actual cell dimensions and pin 
locations. Once the trees are created the slack information is read into the tree data structure. 
Sankeerna algorithm is shown in Figure 2. 



Main 

•Read technology library 

•Read the benchmark circuit. 

•Build trees with primary outputs as roots. 

•Read cell mapping and delay file 

•Print verilog 

•Sort inputs of each node of the tree based on time criticality. 

•Sort Trees of Primary Outputs (PO) based on time criticality. 

•Put level information in each node of the tree. 

•Print the benchmark with technology cell dimensions and pin locations. 

•Run Public Domain Placer (PDP) 

•Read PDP placement 

•Calculate the layout width and height using standard cell area & aspect ratio. 

•Number of rows = layout height / standard cell height. 

•Initialize row tables to keep track of the placement as it is constructed. 

•Place circuit . 

•Place Primary Inputs (Pis) and Primary Outputs (POs) 

•Print ".def " files of PDP and Sankeerna.. 



void place_ckt () 

{ next_PO = pointer to list of trees 

pointed by Primary Outputs(POs); 
no=number of PO cells; 
for ( i=0; i<no; i++ ) 
{ place_cell ( next_PO ); 
next PO=next PO->next; 

} 
} 


void fin d_best_p lace ( gate) 

{ checkavailability on the same row, and 

above and below current row; 
Out of available rows, find the row 

which gives minimum wire length; 
return coordinates of minimum location; 

} 




void checkavailability_on_row (row, width) 

{ x 1 = row_table_xl [row] ; x2=row_table_x2[row] ; 

if (( fabs ( x2-xl ) +width ) <= layout_width ) 
return (p o s sible, x2 ) 

else return(not_possible); 

} 




void place_cell ( gate ) 
{ next_pin = pointer to 

list of input pins; 

place_one_cell ( gate); 

for ( i=0; i< ( gate->no of inputs ); i++ ) 

{ place_cell ( next_pin ); 
next pin=next pin->next; 

} 
} 




void place_one_cell ( gate ) 
{ find_best_p lace (gate); 
place cell on layout surface ( gate); 

} 



Figure 2 Sankeerna algorithms 

As shown in the Figure 2, the "place_ckt" function places the trees pointed by Primary Outputs (POs) 
one after the other using "place_ceH" function starting at row 1 at x=0 and y=0. The "place_ceH" 
function works as follows. 

• Place the cell pointed by root using "place_one_ceH". 

• For each input, if it is a primary input, place it using "place_one_ceH", if not; call 
"place_ceH" with this input recursively. 
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The "place_one_cell" function finds the best place to place the cell using "find_best_place" function 
and places the cell at this location. The "find_best_place" function works as follows. As the 
placement progresses, the "used space" and "available space" are marked, C is the current cell and 
the next cell will be placed closer to this cell wherever space is available. The current cell placement 
is depicted in Figure 3. 

The "find_best_place" function checks the availability of space using "check_availability_on_row" 
function on the same row of C and on the rows above and below the current row of C. The possible 
places for a cell H which are nearer to a cell G are shown in Figure 3. Out of available locations, the 
one with the minimum distance from the parent cell is chosen. The cell is placed at this location. The 
"check_availability_on_row" function keeps two pointers xl and x2 for each row. Initially xl and x2 
are initialised to zero before the start of placement. When this function is invoked, it gets these two 
pointers xl and x2 from the table corresponding to this row. It then calculates whether in the 
available space, this cell of "width" can be placed such that the row width will be less than or equal 
to the layout width. If space is available, it returns x2 as the available location on this row. 




Row c+2 


Used 


Available 




x1 


x2 


Row c+1 


Used 


Available 




xl 


X?. 


Row c 
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C 


Available 




x1 


x2 


Row 2 


Used 


Available 




Xl 


Y 9 


Row 1 


Used 


Available 



L 



xl x2 

~~ Layout width 
Layoutseen by Find_best_place 



Figure 3 Find_best_place possible locations and the layout seen by Find_best_place 

Complexity of the algorithm 

If n is the number of the cells in the circuit, "place_one_ceH" function is invoked n times. 
"Place_one_ceH" calls "find_best_Place" which uses "check_availability_on_row". So 
"find_best_Place" is executed n times. Each time, it calculates wire lengths for possible locations to 
choose the best one. "check_availability_on_row" performs one comparison operation. So number of 
operations is linearly proportional to n, after construction of the tree. So the complexity of algorithm 
is of the order of n. 



V. Illustration of SANKEERNA with an Example 

The algorithms used in Sankeerna are illustrated with an example whose logic equation is given 
below, taken from [49]. 

—d(uj + dfft -h dey -h hh + hi -h ch + ci 

The logic diagram with technology mapped cells and the tree built by Sankeerna for the above logic 
diagram with the slacks are shown in Figure 4 and 5 along with the sequence of placement based on 
the time criticality. 
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Figure 4 Logic Diagram with technology mapped cells for the example equation 

The sequence of placement is indicated by the numbers 1-26 shown at the each node of the tree. 
There are 9 primary inputs marked as a, b, c, d, e, f, g, h, i and there is one primary output marked as 
Y. Sankeerna places the Primary Output cell Y first at x=0 in row 1. Then it looks at its leaf cells 
Ua356 and Ua358. From the time criticality given in Figure 5, it places cell Ua356 after finding the 
best place. The algorithm is then recursively invoked to place the tree with root as Ua356 which 
places the cells and the inputs in the sequence 3 to 21. Once the placer completes the placement of 
tree pointed by Ua356 as root, it starts placing the tree pointed by cell Ua358. Now the cells marked 
22 to 26 placed. This completes the placement of complete circuit. Primary Inputs and Primary 
Outputs are re-adjusted after placing all the cells. The final placement is shown in Figure 6(a). The 
cell name, sequence numbers and pin locations of the cell are shown in the Figure 6(a). These 
diagrams are taken from Cadence® SOC Encounter® back end tool [58]. The placement given by the 
Public Domain Placer (PDP) [59, 60, 41, 61] for this example is also shown in Figure 6(b). The 
layouts of these placements after carrying out detailed routing with Cadence® SOC Encounter® [58] 
are shown in Figure 7. The results are shown in table 1, Serial Number 24, as "example". 
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Figure 5 Tree built by Sankeerna for the example 
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(b) PDP placementfor example 



Figure 6 Sankeerna and Publice Domain Placer (PDP) Placements of example 




Figure 7 Sankeerna & PDP layout of example 

The experimental set up to evaluate Sankeerna using benchmark circuits is explained in the next 
section. 

VI. Test setup 

In this section, we describe the test set up used to evaluate Sankeerna. The test set up is shown in 
Figure 8. 
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Figure 8 Test setup showing Sankeerna VLSI Design Flow 

The benchmark circuits are taken in the form of a PLA. Some of them are from MCNC benchmarks. 
We also added few other circuits like multiplexers, adders and multipliers. We have used 0.13 
micron, 8 metal layers, standard cell technology library for these experiments. Public domain SIS 
synthesizer [52] is used for synthesizing the benchmark circuits. 

We created the library file required for SIS in genlib format using the information from the data 
sheets and ".lef files of this particular technology. Three files namely (a) delay file (b) Cell 
mapping file (c) BLIF file are generated from SIS. The delay file consists of node name and slack at 
each node. Only block delays and fan out delays are considered. No wire delay or wire load models 
are used. This delay file is created using the information generated by "print_delay" command of SIS. 
The cell mapping file consists of node name and mapped library cell name. This file is created using 
the information generated by "print_gate" command of SIS. The BLIF file is created using 
"write_blif command of SIS. The BLIF output is then converted into Bookshelf format using the 
public domain tools available at the web site [59, 60, 41, 61] using the utility "blif2book-Linux.exe 
filename.blif filename". Using 0.13 micron standard cell technology files, Sankeerna generates a file 
in bookshelf format using the cell dimensions and pin locations of the given technology library. This 
file is used for placement by Sankeerna and also by Public Domain Placer (PDP) [59]. 
Bench marks are placed in case of PDP flow using "time LayoutGen-Lnx32.exe -f filename. aux -AR 
1.5 -saveas filename " [59]. The width to height ratio is 3:2 which is same for Sankeerna. Sankeerna 
gives the placement output in ".def format [62] (".def file"). The mapped netlist is given out in the 
form of structural verilog file (".v file"). Cadence® SOC Encounter® v06.10-p005_l [58] is used for 
routing and calculating the delay of the placement produced. The verilog (.v file) and placement (.def 
file) are read into SOC Encounter®. The 0.13 micron standard cell technology files, consisting of 
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".lef" files and timing library files ".tlf ' are read into SOC encounter. We did a trial route and then 
detailed routing using Cadence NanoRoute® v06.10-p006 [40]. The delays Worst Negative Slack 
(WNS) and Total Negative Slack (TNS) "from all inputs to all outputs" are noted. The CPU time for 
detailed routing is also noted. Various other characteristics of placed circuits namely standard cell 
area, core area, wire length and Worst Negative Slack (WNS) are noted. Results for various 
benchmarks are shown in Table 1. We compared the results produced by Sankeerna with a Public 
Domain Placer (PDP). The PDP flow is also shown in Figure 8. The PDP uses the benchmark 
circuits in bookshelf format. The BLIF file generated by SIS is converted into bookshelf format with 
cell dimensions and pin locations as per the 0.13 micron standard cell library. We have used same 
aspect ratio for Sankeerna and PDP. The aspect ratio for these experiments was 0.4 for height and 0.6 
for width. To have a fair comparison, the Primary Inputs and Primary Outputs are placed at the 
boundary of the core for both placements produced by Sankeerna and PDP. The output from PDP is 
in bookshelf format (.pi, .scl files). This is converted into ".def ' format. The netlist is generated in the 
form of structural verilog file. All the utilities used to convert the above file formats are developed as 
software package of Sankeerna. The verilog, ".def, the technology file (.lef file) and timing files (.tlf 
files) are read into Cadence® SOC Encounter® [58]. The detailed routing and delay calculations are 
carried out. A Linux machine with dual Intel® Pentium® 4 CPU @ 3.00GHz and 2 GB memory was 
used for running Sankeerna and PDP. For running SOC Encounter® [58], Sun Microsystems SPARC 
Enterprise® M8000 Server with 960 MHz CPU and 49 GB memory was used. The results are 
tabulated in Table 1. 

VII. Results and Discussion 

The Table 1 shows the results of the placed circuits using existing Public Domain Placer (PDP) [59] 
and Sankeerna. 

There is an average improvement of 24% in delay (Worst Negative Slack WNS), 8% in area and 75% 
in wire length after detailed routing with Nano-route of Cadence [58] when compared to Public 
Domain Placer (PDP). Sankeerna uses only 3% of area extra over the standard cell area as shown 
under "S" in Table 1 where as PDP uses 12%. In case of bigger bench marks, namely, alu4, e64, 
mul5510 and add889, there are thousands of DRC violations in case of PDP. This is due to increased 
usage of wire length. So those placements are not useful. 

To compare Sankeerna with a commercial tool, we conducted the following experiment. We placed 
the benchmark circuit "alu4" using Sankeerna and did the detailed routing and delay calculation as 
mentioned earlier. Then the results given by Sankeerna are noted. We specified the same dimensions 
of width and height in the Commercial Tool Placer (CTP) after reading the verilog file into the tool. 
We then ran timing driven placement of commercial tool. We then carried out detailed routing. CPU 
time used for Sankeerna and Commercial Tool Placer (CTP) are given in Table 2. SOC Encounter® 
took 2:27 CPU time for detailed routing using Nanoroute® [58] for Sankeerna placement without any 
DRC violations. SOC Encounter® took 6:45 CPU time for detailed routing using Nanoroute for 
CTP's timing driven placement with 144 DRC violations in Metal layer 1. The layouts produced for 
Sankeerna placement and CTP's placement are shown in Figure 9. The black marks in CTP layouts 
in the Figure 9 are the DRC violations. These are shown separately in the same Figure (extreme right 
bl ock). Since there are so many DRC violations, the layout is not useful. 




Figure 9 Layouts of ALU4 with Sankeerna & CTP 
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Table 2 shows results of other benchmarks comparing with Commercial Tool timing driven Placer 
(CTP). 

Table 2 Comparing Sankeerna with Commercial Tool Placer (CTP) 
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For the same floor plan dimensions, CTP took more CPU time and could not produce final usable 
placement due to several DRC violations as shown in the last column of Table 2. Sankeerna 
placements are always routed without DRC violations, because wire planning is already done using 
shortest wires. This avoids iterations between placement and detailed routing steps. Even though, 
WNS and TNS values shown in the Table are comparable, because of DRC violations, the layout 
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produced by CTP is not useful; hence delay values have no meaning in case of CTP. So our method 
took much less time and produced better results when compared to Commercial Tool Placer (CTP). 
Pre-place delay is computed without taking wire delays into considerations. We have not used wire 
load models in SIS, because wire load models are not good estimates of final delay [2]. The post 
route delay includes delay due to wires and is the final delay of the circuit. We have compared pre- 
place delay with post route delay in Table 3. 

Table 3 Pre-place delay versus post routed delay comparison 
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The percentage difference of Worst Negative Slack of Sankeerna placements is much less (51.30% 
versus 122.09%) when compared to Public Domain Placer's (PDP's) values. This is due to the fact 
that PDP uses more wire when compared to Sankeerna. 

Cadence® SOC Encounter® [58] has the facility called "Trial route", which performs quick global 
and detailed routing creating actual wires, estimating routing related congestion and capacitance 
values. We did trial route of the benchmarks and noted wire lengths, WNS and TNS values for 
Sankeerna and PDP placements. The results are compared in Table 4. 





Table 4 Trial route Versus Detail (Nano) route 


, wire length and delay comparison 
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The percentage differences from trial route to detailed (Nano) route are shown in the last 4 columns 
of Table 4 for both Sankeerna and PDP. There is decrease in wire length by 0.82%, 1.19% increase in 
WNS in case of Sankeerna. The PDP placements took 10.39% more wire, WNS increased by 7.49%. 
So the Trial Route produced delays are good estimates in case of Sankeerna when compared to PDP 
placements. So we can get quick estimate of delay for Sankeerna produced placements. All these 
advantages add towards tighter coupling of VLSI design flow as envisaged in [4] to evolve 
Synergistic Design Flow. Sankeerna scales well as the complexity increases, because we are using 
constructive placement. The placement was found to converge after routing in all the test cases we 
have tried, that is, layout generated was without DRC violations after routing. To prove this point, we 
have taken bigger benchmarks out of Table 1 and improvements obtained are shown in Table 5. 
As can be seen from the Table 5, Sankeerna took only 1.3% extra area over the standard cell area 
where as PDP took 11% extra area. The 1.3% extra area is left at the right edges of all rows. This is 
the bare minimum area required to make the placement possible. The area improvement of 
Sankeerna over PDP is 8.8%. The most interesting fact is that wire length is 114.4% more for PDP 
when compared to Sankeerna. WNS improved by 46.2%. There are several DRC violations after 
detailed routing in case of PDP. Hence those layouts are not useful. Sankeerna used bare minimum 
area and produced better timings which were routable. 
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Table 5 As complexity 


increases, Sankeerna performs better over PDP. 
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Area, wire length and delay are interrelated. If we use minimum area, as is the case with Sankeerna, 
we require less length wire. This in turn leads to minimum delay. So using Sankeerna flow avoids 
design iterations, because the flow is tightly coupled from synthesis to layout. Thus Sankeerna 
produced compact layouts which are better in delay when compared to Public Domain Placer (PDP) 
and Commercial Tool timing driven Placer (CTP). 

VIII. Conclusions and Future scope 

We now summarise the features of Sankeerna for fitting it into a Synergistic Design Flow (SDF) as 
mentioned in Section 3. 

The first requirement was (a) linear time complexity with respect to number of cells in the circuit. 
The Sankeerna placement algorithms have linear time complexity after construction of the tree. In a 
tightly coupled Synergistic Design Flow (SDF), trees are already built by synthesizer which can be 
directly used by the placer. So there is no need to construct them separately. Due to linear time 
complexity, Sankeerna scales well as the circuits become bigger. 

The second requirement was (b) awareness of synthesis and routing assumptions and expectations, 
that is, tight coupling of synthesis and routing as mentioned in [4]. We have used logic dependency 
and timing information from synthesizer. Using this information, it properly guides the placement as 
mentioned in [46, 28, 29, 30, 47]. As shown in Table 3, Pre-place to post routed delay variation for 
Sankeerna was 51.30% when compared to 122.09% for Public Domain Placer (PDP). The values 
vary from 39.39% to 78.6% for Sankeerna. Where as the variation for PDP was, from 62.33% to 
242.99% based on the circuit. So Sankeerna is more coupled to synthesizer's estimates when 
compared to PDP. Sankeerna placements were always routed without DRC violations as shown in 
Table 1 and 2. Where as PDP has thousands of violations for bigger circuits even after using 11% 
extra space when compared to Sankeerna which used only 0% to 1% extra over the area calculated by 
the synthesizer, which is bare minimum over the standard cell area. For the same floor plan 
dimensions, Commercial Tool's timing driven Placer (CTP) produced hundreds of DRC violations as 
shown in Table 2 when compared to zero DRC violations for Sankeerna. In Sankeerna routability is 
achieved without white space allocation, because placements produced by Sankeerna use minimum 
length wires. As mentioned in Section (2) white space allocation increases area which in turn increase 
wire length. In conclusion, the placements produced by Sankeerna were always routable because it 
uses minimum wire when compared to PDP and CTP. 

The third requirement was (c) achieving minimum area and delay. Area increase was only 1.3% over 
the standard cell area which is calculated by the synthesizer. This value for PDP was 11%. As shown 
in Table 5, Sankeerna performed better as the complexity increased when compared to Public 
Domain Placer (PDP). Wire length improved by 1 14.4% and delay by 46.2% when compared to PDP. 
The fourth requirement was (d) placement produced should be routable without Design Rule Check 
(DRC) violations, that is, wire planning has to be done during placement. As shown in Table 5, PDP 
could not produce usable placements due congestion and resulted in thousands of DRC violations in 
four cases out of 8 test cases. So design flow did not converge in case of PDP. It is unpredictable, 
because, in some cases it converged. In case of Sankeerna, it always converged and convergence is 
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predictable due to minimum wire length and proper wire planning done during placement. As shown 
in Table 2, same non-convergence and unpredictability was noticed in case of Commercial Tool's 
Placer (CTP). 

The fifth requirement was (e) delay of final layout should be predictable with trial routes. As shown 
in Table 4, for Sankeerna, wire length decreased by 0.82% from trial route to detailed route, where as 
it increased by 10.39 % for PDP. The delay increase was 1.19% for Sankeerna, where as it is 7.49% 
for PDP. Thus, the wire planning done by Sankeerna was maintained after routing, where as it varied 
in the case of PDP. Trial route was good estimate for Sankeerna. So there is convergence and tight 
coupling between placements and routing in case of Sankeerna. 

The sixth requirement was (f) placer should smoothly interface with synthesis and routing tools. As 
shown in Figure 8, the test set up showing Sankeerna design flow, Sankeerna smoothly interfaces 
with the existing synthesizer and router. We have not used any wire load models during synthesis as 
it was demonstrated that they were not useful [2]. The slack at each node and cell mapping 
information were already available with the synthesizer. The router was interfaced through verilog 
netlist and "def ' [62] file for placement information. Pre-place and trial route delay calculations were 
done by the commercial tool [58], which were good estimators in case of Sankeerna for a real 
standard cell technology library. As can be seen from the experiments, there were no design iterations 
among synthesis, placement and routing in case of Sankeerna to achieve the results shown. 
Area, wire length and delay calculations of Pre-place, trial and post route were done by the 
Commercial tool. This validates that there is no error in measuring these values while conducting 
these experiments. 

The features and effectiveness comparison of Sankeerna with other published placement techniques 
is elaborated here. In Sankeerna the cells which are logically dependent are placed closer to each 
other [29], whereas in other placement algorithms the cells are randomly scattered and create zigzags 
and criss-crosses that leads to increase in congestion, wire length and delays. The random scattering 
of the cells even leads to the unpredictability in the final layout that result into non-convergent 
iterations. This will result in non-convergent iterations. Because wires are shorter in our placement 
and wires are planned by selecting closest locations during placement, congestion is less and detailed 
routing always gets completed using minimum area for wires. This automatically leads to minimum 
delays. The most critical paths automatically get higher priority, without going in for path based 
placement, which grows exponentially with circuit complexity and is computationally expensive. As 
it can be seen from Figure 5, Sankeerna first establishes the most critical path and rest of the logic is 
placed around it based on the logic dependency. This is similar to the denser path placement of [30]. 
So the most critical path is placed, along physically and delay wise shortest path as mentioned in 
Section 3. Since our method is constructive, it scales well for bigger circuits. We are planning to test 
with bigger test cases in future. The Circuit is naturally partitioned when trees are built, rooted by 
Primary Outputs (POs) by Sankeerna. So there is no additional burden of extracting cones as in [27, 
29] or partitioning the circuit as is the case in most of the placers. Global signal flow is kept in mind 
all through the placement by using Depth First Search (DFS) for all sub trees rooted at various levels 
of logic, unlike other placement methods, which randomly scatter the cells. Trial route can be used 
for quick estimate of delay which will be good estimate in case of Sankeerna as explained earlier. As 
mentioned in [2], using wire load models misleads whole design process resulting in non- 
convergence. So Sankeerna flow does not use wire load models. Sankeerna flow is always 
convergent and tightly coupled, which gives estimates of area, wire length and delay using existing 
layout tools like Trial route of Cadence's SOC Encounter® [58], which are not far away from the 
values obtained after detailed routing. Thus Sankeerna approach is useful towards evolving 
Synergistic Design Flow (SDF), which is to create iteration loops that are tightly coupled at the 
various levels of design flow as mentioned in [4]. 
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Abstract 

RSA is an algorithm for public-key cryptography that is based on the presumed difficulty of factoring large 
integers, the factoring problem. RSA stands for Ron Rivest, Adi Shamir and Leonard, who first publicly 
described it in 1978. A user of RSA creates and then publishes the product of two large prime numbers, along 
with an auxiliary value, as their public hey. The prime factors must be kept secret. In RSA if one can factor 
modulus into its prime numbers then the private key is also detected and hence the security of the cryptosystem 
is broken. The Subset-Sum cryptosystem (Knapsack Cryptosystem) is also an asymmetric cryptographic 
technique. The Merkle-Hellman system is based on the subset sum problem (a special case of the knapsack 
problem): An instance of the Subset Sum problem is a pair (S, t), where S = fxj , x 2 , ..., xj is a set of positive 
integers and t (the target) is a positive integer. The decision problem asks for a subset of S whose sum is as 
large as possible, but not larger than t. This problem is NP -complete. However, if the set of numbers (called the 
knapsack) is super increasing, that is, each element of the set is greater than the sum of all the numbers before 
it; the problem is easy and solvable in polynomial time with a simple greedy algorithm. So in this paper we 
present a new algorithm (Modified Subset-Sum cryptosystem over RSA) which is secure against Mathematical 
attack, Brute-force attack, Factorization attack and Chosen- cipher-text attack on RSA as well as Shamir attacks. 
This paper also presents comparison between Modified Subset - Sum Cryptosystem and RSA cryptosy stems in 
respect of security and performance. 

KEYWORDS' Cryptography, Subset Sum, Public key, Private Key, RSA, Merkle-Hellman, Super increasing 
and Complexity 

I. Introduction 

To solve the problem of secure key management of Symmetric key cryptography, Diffie and Hellman 
introduced a new approach to cryptography and, in effect, challenged cryptologists to come up with a 
cryptographic algorithm that met the requirements for public-key systems. Public key cryptography 
uses a pair of related keys, one for encryption and other for decryption. One key, which is called the 
private key, is kept secret and other one known as public key is disclosed and this eliminate the need 
for the sender and the receiver to share secret key. The only requirement is that public keys are 
associated with the users in a trusted (authenticated) manner through a public key infrastructure (PKI). 
The public key cryptosystems are the most popular, due to both confidentiality and authentication 
facilities [l].The message is encrypted with public key and can only be decrypted by using the private 
key. So, the encrypted message cannot be decrypted by anyone who knows only the public key and 
thus secure communication is possible. 

In a public-key cryptosystem, the private key is always linked mathematically to the public key. 
Therefore, it is always possible to attack a public-key system by deriving the private key from the 
public key. The defense against this is to make the problem of deriving the private key from the public 
key as difficult as possible. Some public-key cryptosystems are designed such that deriving the 
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private key from the public key requires the attacker to factor a large number. The Rivest-Shamir- 
Adleman (RSA) and Subset-Sum (Knapsack) public key cryptosystems [2] are the best known 
examples of such a system. This paper presents a hybrid cryptography algorithm which is based on 
the factoring problem as well as Subset-Sum problem called a Modified Subset-Sum over RSA public 
key cryptosystem (SSRPKC). 

1.1 Euler's Phi-Function 

Euler's phi-function, (p(n), which is sometimes called Euler's Totient Function; find the number of 
integer that are both smaller than n and relatively prime to n. This function (p(n) calculate the number 
of element in given set [3]. 

In this paper, we compare and evaluate the RSA cryptosystem and modified sub-set sum cryptosystem 
by implementing and running them on a computer. We investigate the issues of complexity, efficiency 
and reliability by running the algorithm with different sets of values. Moreover, comparisons will be 
done between these two algorithms given the same data as input. 

The rest of paper is organized as follows- section 2, describes the RSA cryptosystem which depends 
on the factoring large integer numbers. In section 3, describe the introduction of sub-set sum 
cryptography which depends on the super-increasing order also called NP-complete problem. In 
section 4, we present our modified algorithm. In section 5, we compare both the algorithm- RSA and 
modified sub-set sum cryptosystem. A conclusion is shown in section 6. 

II. RSA Cryptosystem 

RSA is based on the principle that some mathematical operations are easier to do in one direction but 
the inverse is very difficult without some additional information. In case of RSA, the idea is that it is 
relatively easy to multiply but much more difficult to factor. Multiplication can be computed in 
polynomial time where as factoring time can grow exponentially proportional to the size of the 
number. RSA consist of three steps [4]:- 
Step 1) Key Generation Process 

1. Generate two large random primes, p and q, of approximately equal size such that their 
product n = p x q is of the required bit length, e.g. 1024 bits. 

2. Compute n = p x q and (p = (p-1) x (q-1). 

3. Choose an integer e, satisfying 1 < e < (p, such that gcd (e, (p) = 1. 

4. Compute the secret exponent d, 1 < d < (p, such that e x d = 1 (mod (p). 

5. The public key is (n, e) and the private key is (n, d). Keep all the values d, p, q and (p secret. 

6. n is known as the modulus. 

7. e is known as the public exponent or encryption exponent or just the exponent. 

8. d is known as the secret exponent or decryption exponent. 

Public key (n, e) is published for every one and private key (p, q, d) must be kept secret. Then by 
using these keys encryption, decryption, digital signing and signature verification are performed. 
Step 2) Encryption Process 
Sender A does the following: - 

1. Obtains the recipient B's public key (n, e). 

2. Represents the plaintext message as a positive integer m. 

3. Computes the cipher text c = m e mod n. 

4. Sends the cipher text c to B. 
Step 3) Decryption Process 

Recipient B does the following: - 

1. Uses private key (n, d) to compute m = c d mod n. 

2. Extracts the plaintext from the message representative m. 

2.1 Security of RSA 

The security of RSA cryptosystem is also broken by two attacks based on factorization attack and 
chosen-cipher text attacks [9]. 

A) Factorization Attack: The security of RSA is based on the idea that the modulus is so large that it 
is infeasible to factor it in a reasonable time. Bob select p and q and calculate n=p*q. Although n is 
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public, p and q are secrete. If Eve can factor n and obtain p and q, she can calculate (p = (p-1) x (q-1). 

Eve then calculate d = 1 (mod (p) because e is public. The private exponent d is the trapdoors that Eve 

can use to decrypts any encrypted message [9]. 

B) Chosen-Cipher text Attack: A potential attack on RSA is based on the multiplicative property of 

RSA[9]. 

III. Sub-set Sum Cryptography 

In computer science, the subset sum problem is an important problem in complexity theory and 
cryptography. The problem is this: given a set of integers, does the sum of some non-empty subset 
equal exactly zero. For example, given the set {-7, -3, -2, 5, 8}, the answer is yes because the subset 
{-3, -2, 5} sums to zero. The problem is NP-Complete. There are two problems commonly known as 
the subset sum problem. The first is the problem of finding what subset of a list of integers has a given 
sum, which is an integer relation problem where the relation coefficients ai are or 1. The second 
subset sum problem is the problem of finding a set of n distinct positive real numbers with as large 
collection as possible of subsets with the same sum [4]. 

The subset sum problem is a good introduction to the NP-complete class of problems. There are two 
reasons for this [4]- 

• It is a decision and not an optimization problem 

• It has a very simple formal definition and problem statement. 

IV. Modified Algorithm 

In this section we introduce a new approach for public key cryptosystem. Modified Subset Sum 
(MSS) is an asymmetric-key cryptosystem in which two keys are required: a public key and a private 
key. Furthermore, unlike RSA, it is one-way, the public key is used only for encryption, and the 
private key is used only for decryption. Thus it is useless for authentication by cryptographic signing. 
Modified algorithm consist of three steps- 
Step 1) Key Generation Process 

1. Generate two large random primes, p and q, of approximately equal size such that their 
product m = p x q is of the required bit length, e.g. 1024 bits. (From Big Integer library 
function of Java) 

2. Compute m = p x q and (p = (p-1) x (q-1). 

3. Choose an integer e, satisfying 1 < e < (p, such that gcd (e, (p) = 1. 

4. Compute the secret exponent d, 1 < d < (p, such that e x d = 1 (mod (p). 

5. Choose a superincreasing set A = (ai, ..., a n ) 

6. Choose an integer M with M > SUM i=L .. n (ai). M is called the modulus. 

7. Choose a multiplier W such that gcd(M, W) = 1 and 1 <= W < M This choice of W 
guarantees an inverse element U: UW = 1 (mod M) 

8. To get the components bi of the public key B, perform bi = ai*W mod M, I = 1 ... n 
The superincreasing property of A is concealed by modular multiplication. 

The public key is (B, n, e) and the private key is (A, M, W, n, d). Keep all the values d, p, q and (p 

secret. 

Public key is published for every one and private key must be kept secret. Then by using these keys 

encryption and decryption are performed. 

Step 2) Encryption of Message 

Sender A does the following: - 

1. The length of a message to be encrypted is fixed by the parameter n prior to encryption; a 
possibly larger message p has to be divided into n-bit groups. 

2. Let p = (pi, p 2 ... p n ) the message to be encrypted. 

• The ciphertext c is obtained by computing c = bipi + b 2 p 2 + ... + b n p n 

• Computes the cipher text Ci = c e mod n. 

• Sends the cipher text Ci to B. 
Step 3) Decryption of Message 

Recipient B does the following: - 
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1. Uses private key and first compute n^ = c/ mod n. 

2. First compute c' = Urn! mod M = W _1 c mod M 

3. Now solve (A, c'). Because A is superincreasing, (A, c') is easily solvable. Let X = (xi... 
x n ) be the resulting vector and pi = Xj and p = (pi... p n ) is the plaintext. 

V. Comparison of RSA and SSRPKC Cryptosystems 

5.1 Simulation Results 

For the simulation purpose, SSRPKC cryptosystem is implemented as a user-friendly GUI. This GUI 
application is implemented using Java Big Integer library functions [5]. In this application, one can 
either enter the prime numbers or can specify the bit length of the prime numbers to generate 
automatically. Big Integer library provides operations for modular arithmetic, GCD calculation, 
primarily testing, prime generation, bit manipulation, and a few other miscellaneous operations. The 
simulation of the algorithm, implemented in JAVA [5], running on a 2 GHz P-IV Processor and 512 
MB RAM, using a 1000 characters long message for encryption/decryption. The PKC algorithms 
(RSA & SSRPKC) have some important parameters affecting its level of security and speed [6]. The 
complexity of decomposing the modules into its factors is increased by increasing the module length. 
This also increases the length of private key and hence difficulty to detect the key. Another parameter 
is the number of items in set A. As the number of items in set A increases, the size of the message 
which is encrypted at a time also increases, hence the security also increases as well as difficulty of 
detecting the private set A from public set B also increases. The RSA and SSRPKC parameters are 
changed one parameter at a time and the others are kept fixed to study the relative importance. The 
key generation, encryption, decryption time is depends on the speed of the processor and the RAM. 
Table 5.1 shows the simulation results of both the algorithms. 

5.1.1 Changing the modulus length: 

Changing the modulus affects the other parameters of the algorithms as shown in Table 5.1. It is clear 
here that increasing the modulus length (bits) increases the bit length of their factors and so the 
difficulty of factoring them into their prime factors. Moreover, the length of the secret key (d) 
increases at the same rate as n-bit increases. As a result, increasing the n-bit length provides more 
security. On other hand by increasing the n-bit length increases the values of key generation time, 
encryption time and decryption time. Hence increasing the n- bit length increases the security but 
decreases the speed of encryption, decryption and key generation process as illustrated by Figure 5.1 
and 5.2. 
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Figurel. Modulus size v/s RSA & SSRPKC algorithm's execution time, taking number of items in set A 128 
and size of Public Key 128 bit. 
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Table 1: Effect of changing the modulus length and size of set A on the size of Private key, Key generation 
time, Encryption time and Decryption time, while the size of Public key has kept constant (128 bit) 
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Figure 2. Modulus size v/s Key generation time, taking size of Public key 128 bit and number of items in set A 
are 128 

5.1.2 Changing the number of items in set A: 

On the basis of simulation results of Table 5.1, following Figure 5.3 shows the effect of number of 
items on encryption and decryption time of both the algorithms. Here key generation time of SSRPKC 
algorithm depends on the number of items in set A and as the number of items increases key 
generation time also increases that's why for more then 500 items in set A, execution time of 
SSRPKC algorithm also increases. RSA algorithm's execution time doesn't depend on set-A items. 
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Figure 3. Number of items in set A v/s SSRPKC algorithm's execution time, taking size of modulus 2048 bit 
and size of private 128 bit. 

5.2 Complexity analysis of SSRPKC cryptosystem 

The RSA cryptosystem is well-known asymmetric cryptosystem in which the computational 
complexity for both of the encryption and the decryption are of the order of k 3 , where k is the number 
of bits of the modulus n [7]. The computational complexity of subset sum problem is O(k), if a super- 
increasing set with greedy approach is used where k is the number of items in set-A [8]. So in this 
way, computational complexity of SSRPKC cryptosystem is on the order of O (k + k 3 ) i.e. O (k 3 ) or 
encryption and on the order of k 3 for decryption. So the computational complexity of SSRPKC is 
equivalent to RSA cryptosystem. The simulation results of both the algorithms shows that the 
execution time of SSRPKC is and 1.2 times more than RSA. 

5.3 Security analysis of SSRPKC cryptosystem 

Two possible approaches to attacking the SSRPKC / RSA algorithms are as follows [1,9]: 

1. Brute force: This involves trying all possible private keys. 

2. Mathematical attacks: These are based on factoring the product of large primes such as factor 
n into its prime factors p and q respectively then calculating (p, which, in turn, enables 
determination of d = e" 1 mod (p. 

Estimated resources needed to factor a number within one year are as follows [9]. 
Table 2: Recourses needed to factor a number within one year 
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As the SSRPKC cryptosystem is based on the hybrid combination of the subset sum problem and 
RSA cryptosystem, so one have to factor the modulus into its primes as well as find the secret set-A to 
break the SSRPKC algorithm [2, 7]. If RSA which is based on single modulus, is broken in time x and 
Subset sum based algorithms is broken in time y then the time required to break SSRPKC algorithm is 
x*y. So the security of SSRPKC algorithm is increased as compare to RSA algorithm and it shows that 
the SSRPKC algorithm is more secure for Mathematical attacks [1]. 

As in SSRPKC double decryption is performed and unlike RSA that is not only based on private key 
but also based on the subset sum problem so one can't break SSRPKC only guessing the private key 
only. So it shows that SSRPKC algorithm is more secure as compare to RSA for Brute force attack 
[l].The RSA cryptosystem is based on the Integer Factorization which is break by the Pollard rho 
method [4], Pollard p-1 method [4] and Fermat method [4]. Because of these methods the security of 
RSA cryptosystem is broken by the Factorization attack [3] and Chosen Cipher Text attack [3]. 

As the SSRPKC cryptosystem uses dual modulus, so for breaking this one have to factor both the 
modulus. That's why our cryptosystem provides the far better security against the factorization 
methods and attacks on RSA cryptosystem. 

VI. Conclusion 

This paper presents an extended version of Subset-Sum problem over RSA algorithm called Extension 
of cryptosystem through subset-sum over RSA. It relies on facts of mathematics that indicates that 
given a very large number it is quite impossible in today's aspect to find two prime numbers whose 
product is the given number. The size of number increases, the possibility for factoring the number 
decreases. In RSA, if one can factor modulus into its prime numbers then he can get the private key 
too. To improve the security, SSRPKC cryptosystem is developed. The disadvantage of new 
cryptosystem is that, unlike RSA it can not be used for authentication as it is based on the one way 
function. Another disadvantage is the slow down of execution process as compare to RSA. But it is 
clear from the simulation results that it is more secure than the RSA algorithm and our cryptosystem 
provides the far better security against the factorization methods and attacks on RSA cryptosystem. 
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Abstract 

Presentation of a compact dual band planar rectangular microstrip antenna (RMSA) antenna for a WLAN 
(2.4GHz IEEE standards 802.1 lb/g)AViMAX(2.6GHz IEEE standards802.16e)applications. The two resonant 
modes of the presented RMSA antenna are associated with various length and width of the planar strips in 
which a centre strip contributes for the lower resonant frequency 2.4GHz(2.26-2.4GHz with impedance 
bandwidth 240MHz) and two lateral strips contributes for the higher resonant frequency2.8GHz(2.73-2.95GHz 
with impedance bandwidth220MHz). By proper adjustment of the coupling between the two lateral strips and 
embedded centre strip enables the operation of dual band with a -WdB return loss, a near directive radiation 
pattern and a good antenna gain with sufficient bandwidth. The antenna is simulated using Ansoft HESS and 
fabricated on an ER4 substrate with dielectric constant 4.4 and thickness 1.6mm occupies an area of 65mm 
x50mm.The simulation results are found to be in good agreement with the measured results. The proposed 
antenna is suitable for wireless communication applications requiring a small antenna. 

KEYWORDS: Rectangular Microstrip Antenna (RMSA), Wireless Local Area Network ( WLAN), WiMAX, 
Strips, monopole dual band. 

I. Introduction 

Rapid progress in wireless communication services have led to an enormous challenge in antenna 
design. Patch antennas for dual and multi frequency band operation has increasingly become 
common, mainly because of many advantages such as low profile, light weight, reduced volume and 
compatibility with microwave integrated circuits(MIC) and monolithic microwave integrated circuit 
(MMIC).WLAN is one of the most important applications of the wireless communication technology 
that takes advantage of licence free frequency bands [ISM] due to high speed connectivity between 
PCs, laptops, cell phones and other equipments in environments. In the near future WiMAX 
technology with different standards is going to occupy the market. Wireless data services have 
evolved and continues to grow using various technologies, such as 2G/3G. The impact of such diverse 
technologies is on the use of frequency band in different technologies will need to occupy different 
frequency allocations, Such as WLAN/WiMAX , it likely to be prominent candidate to serve for 
wireless data in near future. Therefore there is a need to develop a dual band antenna for both 
WLAN/WiMAX applications occupying 2.4/2. 6GHz frequency bands. 

Above several papers on dual band antennas for IEEE standards have been reported. [1-2] proposed 
printed double T-monopole antenna can cover the 2.4/5.2 GHz WLAN bands and offers narrow band 
width characteristics and planar branched monopole antenna for DCS/2.4GHz. For WLAN it can 
provide excellent wide frequency band with moderate gain .[3] The proposed planar monopole 
antenna is capable of generating good Omni directional monopole with radiation in all the frequency 
bands. [4-5]proposed printed dipole antenna with parasitic element and Omni-directional planar 
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antenna for WiMAX applications, can operate either in wide band or dual band , which cover 3.25- 
3.85,3-3-3.8 and 5.15-5.85 GHz with return loss of -10dB.[6] Broad band printed L- shaped antenna 
for wireless communication is reported with good radiation patterns and better return loss. [7] physical 
design features proper geometry and dimension for microstrip antenna array using transformer A/4 for 
the feed line matching technique. [8] proposes compact terminal antenna incorporates open-end slots 
in the ground plane , which reduces size and operates at acceptable band width. [10] use of various 
feeding techniques can give dual or multiband operations. 

In this paper a compact dual band antenna structure for WLAN and WiMAX are proposed. The 
proposed antenna is simple to design and offer an effective control over two operating bands by 
controlling the dimensions of three rectangular strips. The antenna can easily be fed using a 50Q 
probe feed with transformer A/4 technique for impedance matching. Also the planar RMSA structure 
antenna is attractive from the package point of view. The advantage of X/4 technique feeding method 
is to match the transmission line characteristics impedance to the input impedance. 

II. Antenna Geometry and Design 

The geometry of the proposed antenna structure is shown in figure 1. It is etched on a substrate of 
dielectric constant 8 r =4.4 and thickness h= 1.6mm with tangent loss 0.09. The antenna has ground 
plane dimension of length L g =50mm and width W g =65mm. The radiating structure consists of three 
rectangular strips with dimensions of length l p =28.5mm and centre strip width w p i=18mm, lateral 
strips width w p2 =10mm with a slot gap width g=0.5mm.The centre strip is fed by a designed 50Q 
microstrip line width 0.5mm,the optimum feed point antenna is X/4Transformer method with 3mm 
width and 0.2mm height for good impedance matching. Thus it can be connected with a SMA 
connector. The resulting antenna resonates at 2.4 GHz and 2.8 GHz. From simulation and 
experimental studies, it is found that the dimensions of the middle rectangular strip are optimized to 
resonate at 2.4GHz while dimensions of the lateral symmetrical strips are optimized to resonate at 2.8 
GHz. Thus the proposed antenna provides effective control of the two operating bands. In addition, 
ground plane dimensions are also optimized to achieve the desired dual band operation, as it affects 
the resonant frequencies and operating band widths in two bands. 
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Figure.l. Geometry of the proposed planar RMSA, a) side view, b) top view, c) simulated view. 
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III. Simulation and Experimental Results 

Ansoft HFFS is used for simulation and analysis of the structure. Simulation process involves setting 
up of the optimum geometric dimension to satisfy the desired centre frequency, as well as the 
bandwidth requirement for specified return loss requirements in each band. The simulation was 
iteratively conducted until the desired results were found. The proposed antenna is fabricated by using 
photolithographic process which gives goods accuracy for the etched patterns. The fabricated antenna 
parameters are measured by experimental set up characterization which consists of vector network 
analyzer from Hewlet Packard, with S-parameter test-set and an anechoic chamber. Radiation 
patterns, E-field &H-field, S-parameters and gain were measured. The following sections describe the 
details of measured and simulated results. Measurement of return loss is most important because our 
main interest in this research is to produce dual band characteristics within the specified centre 
frequency with sufficient impedance bandwidth requirement. 

3.1 Return loss 

Figure. 2 shows the simulated and experimental return loss of the proposed dual band antenna. From 
the simulation, the impedance bandwidth of the lower frequency band determined by -lOdB return 
loss approximately 240MHz of bandwidth (2.26-2.50GHz), which is 13% of bandwidth for the 
frequency band of 2.4 GHz. For the upper frequency band the impedance bandwidth is approximately 
220MHz (2.73-2.95GHz), i.e. about 10% for the frequency band of 2.8GHz. The centre frequencies 
the two bands are determined by adjusting the rectangular dimensions of strips. To achieve the 
maximum results the gap distance between the two strips adjusted and length of the microstrip feed 
line 50 ohm need to be controlled. The experimental curve shows that a dual band is obtained for both 
the resonance with good matching. 
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Figure.2. Simulated and measured return loss characteristics of antenna structure. 

3.2 Radiation Patterns 

The simulated and measured radiation patterns of the proposed antenna operating at 2.4GHz 
and2.8GHz are shown in figure 3 & 4 respectively. It is found that the antenna has relatively 
stable radiation patterns over its operating band, a near Omni directional pattern is obtained 
in the two bands. Because of symmetry in the antenna structure the radiation patterns are as 
good as those of a conventional monopole. In the elevation plane (azimuth angle)as shown in 
the plots, asymmetrical radiation patterns are seen in the x-y and x-z planes. The measured 
radiation patterns are stable and quasi -Omni directional in the entire operational band which 
is highly suitable for the proposed modern wireless communication bands. 
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Figure.3. Simulated co-polar and cross-polar radiation patterns of the planar RMSA AT 2.4GHzand 2.8GHz. 





Figure.4. Measured radiation patterns at 2.4GHz and 2.8GHz. 
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3.3 Current Distribution Characteristics and 3-D plot 

A better understanding of the antenna behaviour can be obtained by analyzing the current 
distributions at peak resonant frequency 2.4 GHz, as shown in figure 5. It is evident from that at 
2.4GHz the central strip acts as a quarter wave monopole where as for the higher resonance the 
predominant effect is seen at the edges of the lateral strips. 

Figurer.6 shows the 3D simulated radiation pattern at 2.4GHz. It is found that the planar antenna 
provides almost Omni directional radiation coverage and can be used for WLAN applications. 
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Figure.5 current distribution and e-field distribution of the planar RMS A 
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Figure.6 Simulated 3D radiation pattern of the planar RMS A 

3.4 Gain characteristics 

The peak gain of the antenna measured at each frequency points by comparison method. Figure.7 
shows the measured antenna gain versus frequency. Average gain at different frequencies of both 
bands are shown where as at 2.4GHz frequency band is approximately 2.95dBi and at 2.8 GHz 
frequency band is approximately 3.8dBi and then continue for higher frequencies.Figure.8 shows 
photo of the fabricated planar RMSA and tested by measuring its parameters particularly return loss 
and antenna gain, to validate the simulation result as well as to verify the antenna design specification. 
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Figure.8 Photo of fabricated planar RMS A 



Figure.7 Measured peak antenna gain for the 
dual band planar RMSA at 2.4GHz and 2.8GHz. 

IV. Conclusion 

A study of construction and experimental verification of compact dual band planar RMSA structure 
for the operation in the 2.4/2. 8GHz WLAN/WiMAX bands is presented. The dual band operation is 
achieved by using planar three rectangular strips. A good band width characteristics is observed in 
each strips which covers 2.26- 2.5GHz and 2.73-2.95GHz bands with an impedance bandwidth of 
nearly 240MHz at lower band and at the upper band the impedance bandwidth 220MHz when 
compared with the simulation , measured results exhibits good agreement, except for small variation 
due to measurement error. From our design it is found that the lower resonant band is due to centre 
strip and the higher resonant band due to lateral strips. This is because good impedance matching, 
gain and radiation pattern can be obtained by tuning the coupling between the rectangular strips and 
the gap, as well as the feed length of the feed line, Hence the proposed antenna is suitable for wireless 
local area network (WLAN) and multichannel multipoint distribution service (MMDS)WiMAX 
communication applications. 
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Abstract 

The image data compression has been an active research area for image processing over the last decade [1] 
and has been used in a variety of applications. This paper investigates the implementation of Low Power VLSI 
architecture for image compression, which uses Variable Length Coding method to compress JPEG signals [1]. 
The architecture is proposed for the quantized DCT output [5]. The proposed architecture consists of three 
optimized blocks, viz, Zigzag scanning, Run-length coding and Huffman coding [17]. In the proposed 
architecture, Zigzag scanner uses two RAM memories in parallel to make the scanning faster. The Run-length 
coder in the architecture, counts the number of intermediate zeros in between the successive non-zero DCT 
coefficients unlike the traditional run-length coder which counts the repeating string of coefficients to compress 
data [20]. The complexity of the Huffman coder is reduced by making use of a lookup table formed by arranging 
the [run, value] combinations in the order of decreasing probabilities with associated variable length codes 
[14], The VLSI architecture of the design is implemented [12] using Verilog HDL with Low Power approches . 
The proposed hardware architecture for image compression was synthesized using RTL complier and it was 
mapped using 90nm standard cells. The Simulation is done using Modelsim. The synthesis is done using RTL 
compiler from CADENCE. The back end design like Layout is done using IC Compiler. Power consumptions of 
variable length encoder and decoder are limited to 0.798mW and 0.884mW with minimum area. The 
Experimental results confirms that 53% power saving is achieved in the dynamic power of huffman decoding 
[6] by including the lookup table approach and also a 27% of power saving is achieved in the RL-Huffman 
encoder [8]. 

KEYWORDS.' Variable Length Encoding (VLE), Variable Length Decoding (VLD), Joint Photographic 
Expert Group (JPEG), Image Compression, Low Power Design, Very Large Scale Integration (VLSI). 

I. Introduction 

Image data compression refers [4] to a process in which the amount of data used to represent image is 
reduced to meet a bit rate requirement (below or at most equal to the maximum available bit rate) 
while the quality of the reconstructed image satisfies a requirement for a certain application and the 
complexity of computation involved is affordable for the application [18]. The image compression 
can improve the performance of the digital systems by reducing the cost of image [22] storage and the 
transmission time of an image on a bandwidth limited channel, without significant reduction in the 
image quality [15]. 

This paper investigates the implementation of Low Power VLSI architecture for image compression 
[8] which uses variable length coding method for image data compression, which could be then used 
for practical image coding systems to compress JPEG signals [1]. 
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Variable length coding [2] that maps input source data on to code words with variable length is an 
efficient method to minimize average code length. Compression is achieved by assigning short code 
words to input symbols of high probability and long code words to those of low probability [14]. 
Variable length coding can be successfully used to relax the bit-rate requirements [21] and storage 
spaces for many multimedia compression systems. For example, a variable length coder (VLC) 
employed in MPEG-2 along with the discrete cosine transform (DCT) results [16] in very good 
compression efficiency. 

Since early studies have focused only on high throughput variable length coders [6], low-power 
variable length coders have not received much attention. This trend is rapidly changing as the target of 
multimedia systems is moving toward portable applications like laptops, mobiles and iPods etc [15]. 
These systems highly demand low-power operations, and, thus require low power functional units. 
The remaining paper is organized as follows, Section 2 explains about the practical needs, 
principles and types of image compression, Section 3 explains the Variable Length Encoding 
Process. Section 4 describes Variable Length Decoding Process, Section 5 includes the 
Interpretation of Results. Section 6 finally concludes the paper. 

II. Image Compression 

A. Practical Needs for Image Compression 

The need for image compression becomes apparent when number of bits per image is computed 
resulting from typical sampling rates and quantization methods [4]. For example, the amount of 
storage required for given images is (i) a low resolution, TV quality, color video image which has 
512x512 pixels/color, 8 bits/pixel, and 3 colors approximately consists of 6xl0 6 bits; (ii) A 24x36 
mm negative photograph scanned at 12xl0" 6 mm: 3000x2000 pixels/color, 8 bits/pixel, and 3 colors 
nearly contains 144xl0 6 bits; (iii) a 14x17 inch radiograph scanned at 70xl0" 6 mm: 5000x6000 
pixels, 12 bits/pixel nearly contains 360xl0 6 bits. Thus storage of even a few images could cause a 
problem. As another example of the need for image compression [15], consider the transmission of 
low resolution 512x512x8 bits/pixelx3- color video image over telephone lines. Using a 96000 bauds 
(bits/sec) modem, the transmission would take approximately 11 minutes for just a single image [22], 
which is unacceptable for most applications. 

B. Principles behind Compression 

Number of bits required to represent the information in an image can be minimized by removing the 
redundancy present in it. There are three types of redundancies. 

1. Spatial redundancy, which is due to the correlation or dependency between neighboring 
pixel values. 

2. Spectral redundancy, which is due to the correlation between different color planes or spectral 
bands. 

3. Temporal redundancy, which is present because of correlation between different frames in 
images. 

Image compression research [18] aims to reduce the number of bits required to represent an image by 
removing the spatial and spectral redundancies as much as possible [22]. 

C. Types of Image Compression 

Compression can be divided into two categories [1], Lossless and Lossy compression. In lossless 
compression schemes, the reconstructed image after compression is numerically identical to the 
original image. However lossless compression can only achieve a modest amount of compression. 
Lossless compression is preferred for archival purposes like medical imaging [22], technical 
drawings, clip art or comics. This is because lossy compression methods, especially when used at low 
bit rates [21], introduce compression artifacts. An image reconstructed following lossy compression 
contains degradation relative to the original. Often this is because the compression scheme 
completely discards redundant information. However the lossy schemes are capable of achieving 
much higher compression. Lossy methods are especially suitable for natural images such as 
photos in applications where minor (sometimes imperceptible) loss of fidelity is acceptable to 
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achieve a substantial reduction in bit rate. The lossy compression is produces imperceptible 
differences can be called visually lossless. 

D. Image Compression using Discrete Cosine Transform 
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Figurel. Block diagram of DCT Process 

In the DCT process input image is divided into non- overlapping blocks of 8x8 pixels [4], and 
input to the baseline encoder. The pixel values are converted from unsigned integer format to signed 
integer format, and DCT computation is performed on each block. DCT transforms the pixel 
data into a block of spatial frequencies that are called the DCT coefficients. Since the pixels in the 
8x8 neighbourhood typically have small variations in gray levels, the outputs of the DCT will result 
in most of the block energy being stored in the lower spatial frequencies [15]. On the other hand, the 
higher frequencies will have values equal or close to zero and hence, can be ignored during 
encoding [9] without significantly affecting the image quality. The selection of frequencies based on 
which frequencies are most important [15] and which ones are less important can affect the quality of 
the final image. 

The selection of quantization values is critical since it affects both the compression efficiency [4], and 
the reconstructed image quality. High frequency coefficients have small magnitude for typical video 
data, which usually does not change dramatically between neighbouring pixels. Additionally, the 
human eye is not as sensitive to high frequencies as to low frequencies [5]. It is difficult for the 
human eye to discern changes in intensity or colors that occur between successive pixels. The human 
eye tends to blur these rapid changes into an average hue and intensity. However, gradual changes 
over the 8 pixels in a block are much more discernible than rapid changes. When the DCT is used for 
compression purposes, the quantizer unit attempts to force the insignificant high frequency 
coefficients to zero while retaining the important low frequency coefficients. The 2-D DCT 
transforms an 8x8 block of spatial data samples into an 8x8 block of spatial frequency components 
[15]. These DCT coefficients are then used as input to the Variable Length Encoder which will further 
compress the image data [9]. The compressed image data can be decompressed using Variable Length 
Decoder [10] and then IDCT transforms spatial frequency components back into the spatial domain 
[15] to successfully reconstruct the image. 

III. Variable Length encoding 

Variable Length Encoding (VLE) is the final lossless stage of the video compression unit. VLE is done 
to further compress the quantized image [13]. VLE consists of the following three steps: 

• Zigzag scanning 

• Run Length Encoding (RLE), and 

• Huffman coding. 
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Figure 2. Variable Length Encoder 



A. Zigzag Scanning 
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Figure 3. Block diagram of Zigzag Scanner 

The quantized DCT coefficients obtained after applying the Discrete Cosine Transformation to 8x8 
block of pixels they are fed as input to the Variable Length Encoder (VLE). These quantized DCT 
coefficients will have non-zero low frequency components in the top left corner of the 8x8 block and 
higher frequency components in the remaining places [17]. The higher frequency components 
approximate to zero after quantization. The low frequency DCT coefficients are more important than 
higher frequency DCT coefficients. Even if we ignore some of the higher frequency coefficients, we 
can successfully reconstruct the image from the low frequency coefficients only. The Zigzag Scanner 
block exploits this property [7]. In zigzag scanning, the quantized DCT coefficients are read out in a 
zigzag order, as shown in the figure 4. By arranging the coefficients in this manner, RLE and 
Huffman coding can be done to further compress the data. The scan puts the high-frequency 
components together. These components are usually zeroes. 
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Frequency 
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Figure 4. Zigzag Scan Order 

Since the zigzag scanning requires that all the 64 DCT coefficients are available before scanning, we 
need to store the serially incoming DCT coefficients in a temporary memory. For each of the 64 DCT 
coefficients obtained for each 8x8 block of pixels we have to repeat this procedure. So at a time either 
scanning is performed or storing of incoming DCT coefficients is done. This will slow down the 
scanning process. So in order to overcome this problem and to make scanning faster, we propose a 
new architecture for zigzag scanner. In the proposed architecture, two RAM memories will be used in 
the zigzag scanner [17]. One of the two RAM memories will be busy in storing the serially incoming 
DCT coefficients while scanning is performed from the other RAM memory. So except for first 64 
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clock cycles i.e., until 64 DCT coefficients of first 8x8 blocks become available, the zigzag scanning 
and storing of serially incoming DCT coefficients is performed simultaneously [11]. So by using two 
RAM memories we will able to scan one DCT coefficient in each clock cycle except for first 64 clock 
cycles. 
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Figure 5. Internal Architecture of the Zigzag Scanner 



B. Run Length Encoding (RLE) 
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Figure 6. Block diagram of Run- Length Encoder 

The quantized coefficients are read out in a zig-zag order from DC component to the highest 
frequency component. RLE is used to code the string of data from the zig-zag scanner. The 
conventional Run length encoder codes the coefficients in the quantized block into a run length (or 
number of occurrences) and a level or amplitude. For example, transmits four coefficients of value 
"10" as: {10,10,10,10}. By using RLE [8], the level is 10 and the run of a value of 10 is four. By 
using RLE, {4,10} is transmitted, reducing the amount of data transmitted. Typically, RLE [10] 
encodes a run of symbols into two bytes, a count and a symbol. By defining an 8 x 8 block without 
RLE, 64 coefficients are used. To further compress the data, many of the quantized coefficients in the 
8x8 block are zero. Coding can be terminated when there are no more non-zero coefficients in the 
zig-zag sequence [9]. Using the "end-of -block" code terminates the coding. 
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Figure 7. Internal architecture of run-length encoder. 

But normally in a typical quantized DCT matrix the number of zeroes is more [5] compared to non- 
zero coefficients being repeated [4]. So in the proposed architecture for run-length encoder we exploit 
this property of more number of zeroes in the DCT matrix. In the proposed architecture the number of 
intermediate zeros in between non-zero DCT coefficients are counted [10] unlike the conventional 
run-length encoder where number of occurrences of repeated symbols are counted. 
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Figure 8. Comparison between conventional and proposed RLE 
C. Huffman encoding 
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Figure 9. Block diagram of Huffman Encoder 
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Huffman coding is used to code values statistically according to their probability of occurrence 
[11]. Short code words are assigned to highly probable values and long code words to less probable 
values. The procedure for Huffman coding involves the pairing of run/value combinations. The input 
run/value combinations are written out in the order of decreasing probability. The run/value 
combination with the highest probability is written at the top, the least probability is written down 
last. The least two probabilities are then paired and added. A new probability list is then formed with 
one entry as the previously added pair. The least run/value combinations in the new list are then 
paired. This process is continued till the list consists of only one probability value. The values "0" and 
"1" are arbitrarily assigned to each element in each of the lists. 
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Figure 10. Internal architecture of Huffman encoder 

In the proposed architecture, the Huffman encoding is done by making use of a lookup table [3]. The 
lookup table is formed by arranging the different run-value combinations in the order of their 
probabilities of occurrence with the corresponding variable length Huffman codes [6]. When the 
output of the run- length encoder in form of run- value combination is fed to the Huffman encoder, the 
run-value combination received will searched in the lookup table, when run-value combination is 
found its corresponding variable length Huffman code [14] will be sent to output. This approach of 
designing Huffman encoder not only simplifies the design but also results in less power consumption 
[6]. Since we are using lookup table approach, the only part of encoder corresponding to the current 
run-length combination will be active and other parts of the encoder will not be using any power. So 
turning off the inactive components of a circuit in the Huffman encoder, results in less power 
consumption. 

IV. Variable Length Decoding 



The variable length decoder is the first block on the decoder side. It decodes the variable length 
encoder output to yield the quantized DCT coefficients [10]. The variable length decoder consists of 
three major blocks, namely, 

1. Huffman Decoding. 

2. Run- length Decoding. 

3. Zigzag Inverse Scanning. 



Compressed 
Data 



Huffman 
decoding 



Run-Length 
Decoding 



Zigzag 

Inverse 

Scanning 



Quantized 
> DCT 
Coefficient 



Figurell. Variable Length Decoder 
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A. Huffman Decoding 
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Figure 12. Block diagram of Huffman decoder 

The huffman decoder forms the front end part of the variable length decoder. The internal architecture 
of the huffman decoder is same as the huffman encoder. The same VLC huffman coding table which 
was used in the huffman encoder is also used in the huffman decoder [17]. The input encoded data is 
taken and a search is done for the corresponding run/value combination in the VLC table. Once the 
corresponding run/value combination [14] is found, it is sent as output and huffman starts decoding 
next coming input. 

The VLC huffman coding table which we are using in both the huffman encoder and the huffman 
decoder, reduces the complexity of the huffman decoder. It is not only reduces the complexity [7] 
but also reduces the dynamic power in the huffman decoder, since only the part of the circuit is active 
at a time. 
B. FIFO 
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Figure 13. Block diagram of FIFO 

The First In First Out (FIFO) also forms the part of the decoder part, The FIFO is used between the 
huffman decoder and the run-length decoder. The FIFO is used to match the operating speed between 
the huffman decoder and run-length decoder [11]. The huffman decoder sends a decoded output to the 
run-length decoder in the form of run/value combination. The run-length combination takes this as 
input and starts decoding [12]. Since here the run in the run/value combination represents the number 
of zeroes in between consecutive non-zero coefficients, the zero '0' is sent as output for next 'run' 
number of clock cycles. Until then the run-length decoder can't accept other run/value combination. 
And we know that the huffman decoder decodes one input to one run/value combination in every 
clock cycle. So huffman decoder can't be connected directly to run-length decoder. Otherwise the run- 
length decoder can't decode correctly. So to match the speed between the huffman decoder and run- 
length decoder, the FIFO is used. The output of the huffman decoder is stored onto the FIFO, the run- 
length decoder takes one decoded output of huffman decoder from the FIFO when it is finished with 
decoding of the present input to it. So after run-length decoder finishes decoding of the present input, 
it has to send a signal to the FIFO to feed it a new input. This signal is sent to the FOutN pin, which is 
read out pin of the FIFO. The FInN pin is used to write onto FIFO, the huffman decoder generates the 
signal for this while it has to write a new input onto the FIFO. So the FIFO acts as a synchronizing 
device between the huffman decoder [9] and the run-length decoder. 
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C. Run-Length Decoder 
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Figurel4. Block diagram of Run- Length Decoder 

The Run-length decoder forms the middle part of the variable length decoder [10]. It takes decoded 
output from huffman decoder through FIFO. When the huffman decoder decodes one input and stores 
the decoded output onto the FIFO, then the FIFO becomes non-empty (the condition when at least one 
element is stored on the FIFO). The FIFO then generates the signal F_EmptyN. This signal is used as 
rdy_in signal to the run-length decoder. So when huffman decoder decodes one input and stores it 
onto the FIFO [7], then a ready signal is generated to the run-length decoder to initiate the decoding 
process. 

The run-length decoder takes the input in the form of a run/value combination, then separates run and 
value parts. The run here represents number of zeroes to output before sending out the non-zero level 
'value' in the run/value combination. So for example if {5,2} is input to the run-length decoder then it 
sends 5 zeroes (i.e., 5 '0') before transmitting the non-zero level '2' to the output. Once the run-length 
decoder sends out a non-zero level, then it means that it is finished with the decoding of the present 
run/value combination, and it is ready for the next run/value combination. So for this it generates the 
rdy_out signal to the FIFO, to indicate that it has finished decoding of present input and ready for 
decoding the next run/value combination. This rdy_out is connected to the FOutN pin of the FIFO, 
which is read out pin of the FIFO [16]. Upon receiving this signal the FIFO sends out a new run/value 
combination to the run-length decoder, to initiate run-length decoding process for the new run/value 
combination. 



D. Zigzag Inverse Scanner 
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Figurel5. Block diagram of Zigzag Scanner 

The zigzag inverse scanner forms the last stage in the variable length decoder [17]. The working and 
architecture, everything is similar to the zigzag scanner, except that the scanning order will be 
different. The zigzag inverse scanner gets the input from the run-length decoder, starts storing them in 
one of the two RAMs [13], until it receives all 64 coefficients. Once it receives all the 64 coefficients, 
it starts inverse scanning to decode back the original DCT coefficients. Meanwhile the incoming DCT 
coefficients are getting stored in another RAM [2]. Once scanning from one RAM is finished, it starts 
scanning from another RAM and meanwhile the incoming DCT coefficients gets stored in first RAM 
[5]. So this process is repeated until all the DCT coefficients are scanned. There will be delay of 64 
clock cycles before the output appears. Once after that, for every clock cycle an element will scanned 
continuously. 
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V. Interpretation of Results 
1. Simulation Results 

A. Zigzag Scanning 

The simulation of zigzag scanning is done using the following test sequence. 



31 01000001200 .... 



12 3 4 5 6 7 



9 10 11 



62 63 



The figure 16 shows the simulation waveform of the zigzag encoding block for the above test 
sequence. 

B. Run Length Encoding 

The simulation of the run-length encoding block is done using the output sequence obtained in zigzag 
scanning process, which appears at the input of the run-length encoder as below. 
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The figure 17 shows the simulation waveform of the run-length encoding block for the above test 

input sequence. 

C. Huffman Encoding 



31 


1,1 


1,2 


0,1 


5,2 


EOB 



The output of the run-length encoder is used as the test sequence to the Huffman encoder. The output 
of the run-length encoder will appear as below. The figure 18 shows the simulation waveform of the 
huffman encoding block for the above test input sequence. 




Figurel6. Simulation waveform of Zigzag Scanning 




Figurel7. Simulation waveform of Run-length Encoder 
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Figurel8. Simulation waveform of Huffman Encoder 
D. Huffman Decoding 

The compressed data from the variable length encoder is fed to the Huffman decoding block. The 
output obtained from the Huffman encoding block is used as a test bench to the Huffman decoding 
block. The fig 19 shows the simulation waveform for the Huffman decoding block. 

E. Run Length Decoding 

After Huffman decoder decodes the compressed bitstream, the decoded input is fed to run-length 
decoder block. The fig 20 shows the simulation waveform of run-length decoder. 

F. Zigzag Inverse Scanner 

The output of the run-length decoder is given as input to the zigzag inverse scanner, which will output 
the quantized DCT coefficients. The fig 21 shows the simulation waveform of Zigzag Inverse 
Scanner. 

2. Synthesis Results 

Once all the behavioral verifications (simulation) are done, syntheses of blocks are performed. The 
Cadence RTL compiler is used for synthesis and design is implemented on 90nm standard cells. The 
layout is generated using VLSI Backend EDA tool. After synthesis of each blocks the area and 
power analysis are performed for each of the block used in the design. The Layout of the Run Length 
Encoder is shown in the figure 22. 
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Figurel9. Simulation waveform of Huffman Decoder 
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Figure20. Simulation waveform of Run-length Decoder 




Figure21. Simulation waveform of Zig- Zag Inverse Scanner 
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Figure22. Layout of Variable Length Encoder 

The power and area characteristics of each of the blocks in the design are tabulated as shown in Table 
1, and the characteristics are represented in the form of graph are also show in graph 1. 
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Table 1: Power & Area Characteristics 



Designs \ Features 


Power(in mW) 


Area 


Zigzag Scanner 


0.7319 


0.3349 


Run Length Encoder 


0.0208 


0.0103 


Huffman Encoder 


0.0451 


0.0171 


Zigzag Inverse Scanner 


0.7285 


0.3359 


un Length Decoder 


0.1110 


0.0071 


Huffman Decoder 


0.0451 


0.0171 


FIFO 


0.2744 


0.1287 
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Figure 23. Representation of Power & Area Characteristics 

3. Power Comparisons 

The power comparison of the proposed Architecture is as shown below. 
3.1 Power comparison of Huffman Decoder 

Table 2: Power Comparison for Huffman decoders 



Table Size 


Huffman decoder type 


Power (in uW) 


100 


Power Analysis of the Huffman 
Decoding Tree, by Jason McNeely [6] 


95 


Proposed Architecture 


45 



3.2 Power comparison of RL- Huffman Encoder Combination 

Table 3: Power Comparison for RL-Huffman Encoders 



RL-Huffman Encoding Type 


Power (in uW) 


RL-Huffman Encoding for Test Compression and Power Reduction in 
Scan Applications [8] 


90 


Proposed Architecture 


65.9 
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Figure 24. Power Comparison for Huffman decoders 
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Figure 25. Power Comparison for RL-Huffman 

3.3 Percentage of Power Saving 

The percentage of power savings from proposed design are calculated and are tabulated as shown in 
following table 4. 

Table 4: Percentage of Power Savings 



Encoding 
Type 


Comparison with 


Percentage of Power 
Saving 


Huffman 
decoder 


Power Analysis of the Huffman Decoding Tree [6] 


52.63% 


RL- 
Huffman 
Encoder 


RL-Huffman Encoding for Test Compression and Power Reduction 
in Scan Applications [8] 


26.77% 



VI. Conclusion 

In this paper we described a Low Power Architecture for Variable Length Encoding and Variable 
Length Decoding for image processing applications. The designing and modeling of the all the blocks 
in the design is done by using synthesizable Verilog HDL with Low Power approach. The proposed 
architecture is synthesized using RTL complier and it is mapped using 90 nm standard cells. The 
Simulation of all the blocks in the design was done using Modelsim. A detailed analysis for power 
and area was done using RTL compiler from CADENCE. Power consumptions of variable length 
encoder and decoder are limited to 0.798mW and 0.884mW with minimum area. A 53% power 
saving is achieved in the dynamic power of huffman decoding [6] by including the lookup table 
approach and also a 27% of power saving is achieved in the RL-Huffman encoder [8]. 
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Abstract 

The SoC design faces a gap between the production capabilities and time to market pressures. The design 
space, grows with the improvements in the production capabilities in terms of amount of time to design a system 
that utilizes those capabilities. On the other hand shorter product life cycles are forcing an aggressive reduction 
of the time-to-market. Fast simulation capabilities are required for coping with the immense design space that is 
to be explored; these are especially needed during early stages of the design. This need has pushed the 
development of transaction level models, which are abstract models that execute dramatically faster than 
synthe sizable models. The pressure for fast executing models extends especially to the frequently used and 
reused communication libraries. The presents paper describes the system level modelling of the Advanced High- 
performance Bus Lite (AHB-Lite) subset ofAHB which part of the Advanced Microprocessor Bus Architecture 
(AMBA). The work on AHB-Lite slave model, at different test cases, describing their simulation speed. Accuracy 
is built on the rich semantic support of a standard language SystemVerilog on the relevant simulator Riviera 
has been highlighted. 

KEYWORDS' AMBA( Advanced Microcontroller Bus Architecture), AHB-Lite( Advanced High performance 
Bus-Lite), SystemVerilog, SoC(System on chip), Verification intellectual property (VIP). 

I. Introduction 

The bus protocol used by the CPU is an important aspect of co-verification since this is the main 
communication between the CPU, memory, and other custom hardware. The design of embedded 
systems in general and a SoC in special will be done under functional and environmental constraints. 
Since the designed system will run under a well-specified operating environment, the strict functional 
requirements can be concretely defined. The environment restrictions on the other hand are more 
diverse: e.g. minimizing the cost, footprint, or power consumption. Due to the flexibility of a SoC 
design, ARM processors use different bus protocols depending on when the core was designed for 
achieving the set goals, involves analyzing a multi-dimensional design space. The degrees of freedom 
stem from the process element types and characteristics, their allocation, the mapping of functional 
elements to the process elements, their interconnection with busses and their scheduling. The 
enormous complexity of these protocol results from tackling high-performance requirements.Protocol 
control can be distributed, and there may be non-atomicity or speculation. 

AHB-Lite systems based around the Cortex-M™ processors ARM delivers the DMA-230 "micro" 
DMA controller [13]. ARM delivers DMA controllers for both high-end, high-performance AXI 
systems based on the Cortex-A™ and Cortex-R™ families and cost-efficient AHB systems built 
around Cortex-M™ and ARM9 processors. 
The CoreLink Interconnect family includes the following products for AMBA protocols: 

• Network Interconnect (NIC-301) for AMBA 3 systems including support for AXI, AHB and 
APB 

• Advanced Quality of Service (QoS-301) option for NIC-301 
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The third generation of AMB A defines the targeted at high performance, high clock frequency system 
designs and includes features which make it very suitable for high speed sub-micrometer interconnect. 
In the present paper the some discussion is made on the family of AMBA and a small introduction on 
SystemVerilog language which used during VIP. And also the briefly described the AHB-Lite 
Protocol. Further verification intellectual property (VIP) of slave of the AHB-Lite protocol with 
different test cases is shown. 

II. AMBA Protocols 

Figure 1. shows the different protocols performances from the time of initialization [9]. 
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Figure l.Protocols of AMBA[9] 

4- APB (Advanced Peripheral Bus) mainly used as an ancillary or general purpose register based 
peripherals such as timers, interrupt controllers, UARTs, I/O ports, etc. It is connected to the 
system bus via a bridge, helps reduce system power consumption. It is also easy to interface 
to, with little logic involved and few corner- cases to validate. 

J- AHB (Advanced High Performance Bus) is for high performance, high clock frequency 
system modules with suitable for medium complexity and performance connectivity 
solutions. It supports multiple masters. 

A- AHB-Lite is the subset of the full AHB specification which intended for use where only a 
single bus master is used and provides high-bandwidth operation. 

III. SYSTEMVERILOG 

SystemVerilog is a Hardware Description and Verification Language based on Verilog. Although it 
has some features to assist with design, the thrust of the language is in verification of electronic 
designs. The bulk of the verification functionality is based on the Open Vera language donated by 
Synopsys[12]. SystemVerilog has just become IEEE standard PI 800-2005. SystemVerilog is an 
extension of Verilog-2001; all features of that language are available in SystemVerilog i.e Verilog 
HDL, VHDL, C, C++. 

IV. AHB-LITE Protocol System 

AMBA AHB-Lite protocol addresses the requirements of high-performance synthesizable designs. It 
is a bus interface that supports a single bus master and provides high-bandwidth operation. 
AHB-Lite implements the features required for high-performance, high clock frequency systems 
including: [1] 

• burst transfers 

• single-clock edge operation 

• non-tristate implementation 
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• Wide data bus configurations, 64, 128, 256, 512, and 1024 bits. 
The most common AHB-Lite slaves are internal memory devices, external memory interfaces, and 
high bandwidth peripherals. Although low-bandwidth peripherals can be included as AHB-Lite 
slaves, for system performance reasons they typically reside on the AMBA Advanced Peripheral Bus 
(APB). Bridging between this higher level of bus and APB is done using a AHB-Lite slave, known as 
an APB bridge. 
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Figure 2. AHB-Lite block diagram 

Figure 2. shows a single master AHB-Lite system design with one AHB-Lite master and three AHB- 
Lite slaves. The bus interconnect logic consists of one address decoder and a slave-to-master 
multiplexor. The decoder monitors the address from the master so that the appropriate slave is 
selected and the multiplexor routes the corresponding slave output data back to the master.The main 
component types of an AHB-Lite system are described in: 

• Master 

• Slave 

• Decoder 

• Multiplexor 



4.1 Operations of AHB-Lite 

The master starts a transfer by driving the address and control signals. These signals provide 
information about the address, direction, width of the transfer, and indicate if the transfer forms part 
of a burst. Transfers can be:[l 1] 

Table 1. Transfer type values 



Cycle Type 


Description 


HTRANS[1:0] 


IDLE 


No bus activity 


00 


BUSY 


Master inserting wait states 


01 


NON-SEQUENTIAL 


Trasnsfer with address not related to 
the previous transfer 


10 


SEQUENTIAL 


Trasnsfer with address related to the 
previous transfer 


11 



The write data bus moves data from the master to a slave, and the read data bus moves data from a 
slave to the master. Every transfer consists of: [2] 

• Address phase one address and control cycle 

• Data phase one or more cycles for the data. 



123 | 



Vol. 2, Issue 1, pp. 121-128 



International Journal of Advances in Engineering & Technology, Jan 2012. 

©IJAET ISSN: 2231-1963 

A slave cannot request that the address phase is extended and therefore all slaves must be capable of 
sampling the address during this time. However, a slave can request that the master extends the data 
phase by using HREADY. This signal when LOW, causes wait states to be inserted into the transfer 
and enables the slave to have extra time to provide or sample data. 
The slave uses HRESP to indicate the success or failure of a transfer. 



Table 2.Response type values 


Description 


HRESP[1:0] 


Completed Successfully 


00 


Error occurred 


01 


Master should retry 


10 


Perform Split Protocol 


11 



V. Specification Different from AHB 

The AHB -Lite specification differs from the full AHB specification in the following ways [2]: 

• Only one master. There is only one source of address, control, and write data, so no Master- 
to-Slave multiplexor is required. 

• No arbiter. None of the signals associated with the arbiter are used. 

• Master has no HBUSREQ output. If such an output exists on a master, it is left 
unconnected. 

• Master has no HGRANT input. If such an input exists on a master, it is tied HIGH. 

• Slaves must not produce either a Split or Retry response. 

• The AHB -Lite lock signal is the same as HMASTLOCK and it has the same timing as the 
address bus and other control signals. If a master has an HLOCK output, it can be retimed to 
generate HMASTLOCK 

• The AHB -Lite lock signal must remain stable throughout a burst of transfers, in the same way 
that other control signals must remain constant throughout a burst. 

VI. Compatibility 

Table 3 shows how masters and slaves designed for use in either full AHB or AHB -Lite can be used 
interchangeably in different systems. 

Table 3 



Component 


Full AHB system 


AHB -Lite system 


Full AHB master 


S 


s 


AHB -Lite master 


Use standard AHB master 
wrapper 


s 


AHB slave (no Split/Retry) 


s 


s 


AHB slave with Split/Retry 


>/ 


Use standard AHB master 
wrapper 



VII. Simulation Results of Design of AHB-Lite Protocol 

Figure 4. show single write and read operation which is taking place in AHB-Lite bus protocol. In the 
above simulated result the has been written by the signal Hw_data at the address Haddr when Hwrite 
signal is active high. The same data is been read by the system by the signal Hr_data at same address 
when the Hwrite signal is low. 
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Figure 4. Single write and read operation 
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Figure 5. Read operation with unwritten 

In Figure 5. Read operation with unwritten location is taking place i.e it is said to randomize 
operation. It is shows that the address is being added but Hw_data is 0000000 because this is taking 
place after the reset. 
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Figure 6. write_inc_8 operation 



In Figure 6. it shown that inc_8 is taking place in Haddr of write. In Figure 7 inc_4 is taking place of 
write and read. 
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Figure 7. Write and read with inc_4 
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VIII. Coverage Analysis 
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Figure 8. Coverage Analysis 

The Coverage Report gives the details of the functional coverage when complete Analysis was 
done for the AHB-Lite and coverage report was generated as shown in Figure 8. It is found that 
the coverage is 100%. 

IX. Conclusion 

In the paper a general definition for AHB-LITE protocol which has high performance represents a 
significant advance in the capabilities of the ARM AMBA™ bus on-chip interconnect strategy, by 
providing a solution that reduces latencies and increases the bus bandwidth. AHB-Lite fully 
compatible with the current AHB specification. AHB-Lite increases the choice of architectures 
available to the AMBA bus-based designer, and is supported by a comprehensive range of products 
from ARM. 
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Abstract 

In rural power systems, the Automatic Voltage Regulators (AVRs) help to reduce energy loss and to improve the 
power quality of electric utilities, compensating the voltage drops through distribution lines. This paper 
presents selection of optimal location and selection of tap setting for voltage regulators in Unbalanced Radial 
Distribution Systems (URDS). PSO is used for selecting the voltage regulator tap position in an unbalanced 
radial distribution system. An algorithm makes the initial selection, installation and tap position setting of the 
voltage regulators to provide a good voltage profile and to minimize power loss along the distribution network. 
The effectiveness of the proposed method is illustrated on a test system of 25 bus unbalanced radial distribution 
systems. 

KEYWORDS' Unbalanced radial distribution systems, Voltage regulator placement, Loss minimization, 
Particle swarm optimization. 

I. Introduction 

This paper describes a new approach for modelling of automatic voltage regulator in the 
forward/backward sweep-based algorithms for unbalanced radial distribution systems [1], [2]. A 
voltage regulator is a device that keeps a predetermined voltage in a distribution network despite of 
the load variations within its rated power [3], [4]. Since it is the utilities' responsibility to keep the 
customer voltage with in specified tolerances, voltage regulation is an important subject in electrical 
distribution engineering [5]. However, most equipment and appliances operate satisfactorily over 
some 'reasonable' range of voltages; hence, certain tolerances are allowed at the customers' end. 
Thus, it is common practice among utilities to stay within preferred voltage levels and ranges of 
variations for satisfactory operation of apparatus as set by various standards [6]. In distribution 
systems operation, shunt capacitor banks and feeder regulators are necessary for providing acceptable 
voltage profiles to all end-use customers and reducing power losses on large distribution systems [9]. 
A voltage regulator is equipped with controls and accessories for its tap to be adjusted automatically 
under load conditions. Moreover, it can be controlled by the installation of devices such as fixed and 
controlled capacitors banks, transformers with On Load Tap Changers (OLTCs), and Automatic 
Voltage Regulators (AVRs) [11], [12]. Loss reduction and improvement of voltage profile have been 
also studied by using OLTCs [13]. One of the most important devices to be utilized for the voltage 
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regulation is the AVRs which can be operated in manual or automatic mode. In the manual mode, the 
output voltage can be manually raised or lowered on the regulator's control board and it could be 
modelled as a constant ratio transformer in power flow algorithms [14]. In the automatic mode, the 
regulator control mechanism adjusts the taps to assure that the voltage being monitored is within 
certain range [16]. 

Optimal power flow analysis is used to determine the optimal tap position and the ON/OFF state of 
the capacitor banks. The same problem is solved by Vu et al. [7] using the loss equation as the 
objective function and voltage inequalities as constraints through the use of an artificial neural 
network. Safigianni and Salis [10] proposed the number and location of AVRs by using a sequential 
algorithm. In addition to this, the objective function is defined by using the AVR's investment and 
maintenance costs and also the cost of the total energy losses. Chiou et al. [15] initially attempted to 
solve the problem of voltage regulator by changing the tap positions at the substation and later solved 
the capacitor problem. J. Mendoza et al. [17] developed a method for optimal location of AVRs in 
radial distribution networks by using simple genetic algorithms. However, there are only a few 
publications that have treated the complex problem of the optimal location of the AVRs in distribution 
systems, despite the fact that the benefits of including AVR devices. The automatic voltage regulators 
(AVRs) are included into the sweep based methods and tested by using two distribution test 
systems. The proposed method deals with the placing of voltage regulator and tap position of 
regulators for power loss reduction and voltage profile improvement [18]. Daniela Proto, Pietro 
Varilone et al[19] explained about Voltage Regulators and Capacitor Placement in Three-phase 
Distribution Systems with Non-linear and Unbalanced Loads. Multiobjective Location of Automatic 
Voltage regulators in a radial Distribution Network Using a Micro Genetic Algorithm is given in [20]. 
Optimal Distribution Voltage Control and losses minimization suitable methods are proposed in [21], 
[22]. Integrated volt/VAr control in distribution systems is illustrated in [23], [24]. Impact of 
Distribution Generation on voltage Levels in Radial Distribution Systems using Voltage 
regulators/controllers in[26],[27] are proposed to improve voltage profit. 

This paper, explains mathematical model, Algorithm for finding the tap settings of a voltage 
regulator, Implementation of PSO and results and discussions. The branch that has the highest voltage 
drop is picked as the best location for the voltage regulator placement. PSO is used to find the 
selection of tap position of the voltage regulator, to obtain the tap position of the voltage regulators 
that maintain the voltages within the limits of the unbalanced radial distribution systems so as to 
minimize an objective function, which consists of power loss. 

II. MATHEMATICAL FORMULATION 

In this paper in order to maintain the voltage profile and to reduce the power losses, these voltage 
regulators are installed in the distribution system. The optimization problem has been presented into 
two sub problems: Locating the AVRs on the network and the selection of the tap position of AVRs. 

2.1 Optimal location of Automatic Voltage Regulators (AVR) 

The optimal location of voltage regulator (AVR) is defined as function of two objectives, one 
representing power loss reduction and the other one representing the voltage deviations but both are 
essential to secure the power supply. It is difficult to formulate the problem in terms of cost incidence 
of these objectives over the system of operation because even when the cost incidence of power losses 
is clear it is not the same for keeping the voltage values at the buses close to the rated value. 

The objective function to be minimized is 

Yi h 
Minimize f = £ P' °; bc (!) 



j = l 



loss 



J 



Where, Pi , is the active power loss in the j* branch after voltage regulator placement, 
'nb' is the number of branches in the system. 
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2.2 Tap Position Selection 

In general, voltage regulator position at bus 'q' can be calculated as 

vP h '=V ±TapP h x V Pk (2) 

q q rated 

Tap position (tap) can be calculated by comparing voltage obtained before VR installation with the 
lower and upper limits of voltage. 

'+' for boosting of voltage 

'-' for bucking of voltage 

The bus voltages are computed by load flow analysis for every change in tap setting of 
voltage regulators, till all bus voltages are within the specified limits. 

III. Algorithm for Finding the Tap Settings of a Regulator 

Step 1 : Read the system and regulator data 

Step 2 : Calculate the branch current in which regulator is inserted from the backward sweep. 

Step 3 : Find the CT ratio for three phases as 

CT ph = CT P Whereas CT^ h =5 Amps, (3) 

CT ph 

Step 4 : Convert the R and X values from volts to ohms as 

(R- -X) ph A Rsettin 9 ~ jX Setting ) volts ( 4 ) 

^ J 'ohms ^^ j, , ph 

CT of current F 

s J 

Step 5: Calculating current in the compensator 

ph _ (current in the branch) p /g\ 

l comp ~ Z^u 

CT ratio pn 

Step 6: Calculate the input voltage to the compensator as 

ph _ (Voltage at the sending end of the branch) p (6) 

reg PT ratio ph 

Step 7: Voltage drop in the compensator circuit is 

Step 8: Voltage across the voltage relays in three phases 

v Ph _ v ph _ v ph (8) 

v R ~ v reg v drop 

Step 9: Finding the tapping of the regulator 

n (lower limit of the voltage limit ) p -V p /q\ 

P = vhT 

(change in voltages for a step change of the regulator) y 

Step 10: Voltage output of the regulator 

v ro h =(voltageof thesendingendof thebranchf h ±Tap ph x(0.00625 J (10) 

'+' For raise 
'_' For lower 
Step 11: Stop 

IV. Implementation of PSO 

In this section, the optimal voltage regulator tap setting at candidate node of the unbalanced radial 
distribution system is selected using PSO. 



131 | Vol. 2, Issue 1, pp. 129-138 



International Journal of Advances in Engineering & Technology, Jan 2012. 

©IJAET ISSN: 2231-1963 

4.1 Initialization of PSO Parameters 

The control parameters such as lower and upper bounds of node voltage and tap setting of voltage 
regulators are selected as initialize parameters. Randomly generate an initial swarm (array) of 
particles with random positions and velocities. 

4.2 Evaluation of Fitness Function 

The fitness function should be capable of reflecting the objective and directing the search towards 
optimal solution. Since the PSO proceeds in the direction of evolving best-fit particles and the fitness 
value is the only information available to the PSO, the performance of the algorithm is highly 
sensitive to the fitness values. For each particle or swarm, the voltage regulators are placed at the 
sensitive nodes and run the load flow to calculate the losses, net saving using Eqn.(l) and these net 
saving becomes the fitness function of the PSO (as saving are maximized). 

4.3 Optimal Solution 

Optimal solution (the best position and the corresponding fitness value) to the target problem. 
Information of the best position includes the optimal location and number of voltage regulators, and 
the corresponding tap setting value represents the maximizing the total saving of the system. 
Accordingly, the optimal location and number of voltage regulators with tap setting at each node can 
be determined. 

This modification can be represented by the concept of velocity (modified value for the current 
positions). Velocity of each particle can be modified by the following equation 

V t k+l =WV t k +C l rand l x[Pbest i -X*] + C 2 rand 2 x[Gbest-X*] 
where, 
V i : Velocity of particle i at iteration k, 

Vj ; Modified velocity of particle i at iteration k+1, 

W : Inertia weight, 

Ci,C 2 : Acceleration Constants, 

randi,rand 2 : Two random numbers 

Xj ; Current position of particle i at iteration k, 

Pbest : Pbest of particle i, 

Gbest : Gbest of the group. 

In the equation (4), 

The term ranc^ x (Pbesti - X^ ) is called particle memory influence 

The term ranc^ x (Gbest - X^ ) i s called swarm influence. 

The randi, rand 2 are the two random numbers with uniform distribution with range of { 0.0 to 1.0 } 
W is the inertia weight which shows the effect of previous velocity vector on the new vector. Suitable 
selection of inertia weight W provides a balance between global and local exploration, thus requiring 
less iteration on average to find optimal solution. A larger inertia weight 'W facilitates global 
exploration, while smaller inertia weight 'W tends to facilitates local exploration to fine tune. 
The following inertia weight is usually utilized in equation (11): 

W -W 

W=W max - — min xiter (12) 

ner max 

Where, 

W max : Initial value of the Inertia weight, 

W min : Final value of the Inertia weight, 

iter max : Maximum iteration number, 

iter : current iteration number. 

Accordingly, the optimal types and sizes of voltage regulators to be placed at each compensation node 

can be determined. 
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4.4 Algorithm for Optimal Location using PLI and Tap setting of VR using PSO 

The detailed algorithm is to determine optimal location along with tap setting of voltage regulator is 

given below. 

Step 1: Read system data such as line data and load data of distribution system. 

Step 2: Initialize the PSO parameters such as Number of Agents (M), Number of Particles (N), 

Number of Iterations (K max ), Initial value of Inertia weight (W max ), Final value of Inertia 

weight (W min ), Acceleration Constants (Q & C 2 ). 
Step 3: Initialize the parameters as explained in section 4.(i) 

Step 4: Obtain the optimal location of VR by using PLI (Power Loss Index) as input. 
Step 5: Initialize the swarm by assigning a random position and velocity in the problem hyperspace 

to each particle, where each particle is a solution of tap setting of VR. 
Step 6: Run the load flow and compute the fitness value of each particle using equation (11). 
Step 7: Compare the present fitness value of i th particle with its historical best fitness value. If the 

present value is better than Pbest update the Pbest, else retain Pbest as same. 
Step 8: Find the Gbest value from the obtained Pbest values. 
Step 9: Update the particle positions & velocity using eqns. (11) & (12). 
Step 10: Apply boundary conditions to the particles 

Step 11: Execute steps 6-10 in a loop for maximum number of iterations (K max ). 
Step 12: Stop the execution and display the Gbest values as the final result for optimal tap setting of 

voltage regulator. 

V. Results and Discussion 

The performance of the proposed method is evaluated for test system of 25 bus URDS for voltage 
regulator placement to find placing and tap settings of the voltage regulator. For the positioning of 
voltage regulators, the upper and lower bounds of voltage are taken as ± 5% of base value. Proper 
allocation of VR gives minimum losses in URDS and improves performance of the system. The real 
and reactive power losses of given test system is controlled by controlling voltage regulator size and 
location. The PSO Parameter values for voltage regulator placement: Number of Particles (N) =20, 
Number of Iterations (K max ) =100, Initial value of the inertia weight (W max ) =0.9 ,Final value of the 
inertia weight (W min ) =0.4, Acceleration constants, (Q & C 2 )=4. The proposed method is illustrated 
with test system consisting of 25 bus URDS. 

5.1 Case Study 

Power loss indices for 25 bus URDS is shown in the Figure. 1. From the Figure. 1 it can be concluded 
that the power loss index above 0.6 is the minimum voltage point to locate voltage regulator. The 
proposed algorithm is tested on 25 bus URDS as shown in Figure 2. The line and the load data of this 
system is given in [18]. The tap settings of the regulator are obtained with PSO algorithm. The single 

line diagram of 25 bus URDS after voltage regulator placement is shown in Figure. 2 

1 




25 



Node no. 



Figure.l Power loss indices for 25 bus URDS 
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Figure. 2 Single line diagram of 25 bus URDS after voltage regulator placement. 
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Figure.3 Voltage profit 
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Figure.5 Reactive power losses 
Table: 1 Summary of test results of 25 bus URDS with voltage regulator placement. 
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From the Figure. 2 it can be concluded that 1 st branch having more drop than others. Therefore voltage 
regulator should be placed in this branch. It is boosted the total network voltage intern power losses 
are minimized. 

Voltage profit values, active and reactive power loss and summary of test results of 25 bus URDS for 
voltage regulator placement are given in figure. 3, figure.4 and table. 1 respectively. From table 1, it is 
observed that the minimum voltages in phases A, B and C are improved from 0.9284, 0.9284 and 
0.9366 p.u (without Regulators) to 1.0, 1.0 and 1.0 p.u (with Regulators) respectively and the active 
power loss in phases of A, B and C is reduced from 52.82, 55.44 and 41.86 kW to 39.16, 40.99 and 
31.65 kW respectively. Hence, there is an improvement in the minimum voltage and reduction in 
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active power loss when compared with the before voltage regulator placement and after voltage 
regulator placement. The total active power loss Vs generation number of 25 bus URDS is shown in 
Figure 6. 
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Figure. 6 Total Active Power loss Vs Generation number of 25 bus URDS 

VI. Conclusions 

This paper presents a simple method to determine optimal allocation and tap setting of voltage 
regulators in Unbalanced Radial Distribution Systems through voltage drop analysis and PSO 
algorithm respectively. The effectiveness of the PSO has been demonstrated and tested. The proposed 
PSO based methodology was applied to 25 bus URDS. The obtained solution has succeeded in 
reducing total active power losses 25.43% in 25 bus URDS. From the test results, it can be said that 
the proposed model is valid and reliable, and the performance of the algorithms is not significantly 
affected from the inclusion of regulator modelling. The power loss per phase of unbalanced 
distribution system can be reduced by proper placement of voltage regulator. In addition to power loss 
reduction, the voltage profile also improved by the proposed method. The time of execution is 
reduced from 73.7 to 66.20 seconds for the same configuration system. 
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ABSTRACT 

Expansive soils, such as black cotton soils, are basically susceptible to detrimental volumetric changes, with 
changes in moisture. This behaviour of soil is attributed to the presence of mineral montmorillonite, which has 
an expanding lattice. Understanding the behaviour of expansive soil and adopting the appropriate control 
measures have been great task for the geotechnical engineers. Extensive research is going on to find the 
solutions to black cotton soils. There have been many methods available to controlling the expansive nature of 
the soils. Treating the expansive soil with electrolytes is one of the techniques to improve the behaviour of the 
expansive ground. Hence, in the present work, experimentation is carried-out to investigate the influence of 
electrolytes i.e., potassium chloride, calcium chloride and ferric chloride on the properties of expansive soil. 

KEYWORDS' Expansive soil, Calcium Chloride, Potassium Chloride, Ferric Chloride 

I. Introduction 

Expansive soil is one among the problematic soils that has a high potential for shrinking or swelling 
due to change of moisture content. Expansive soils can be found on almost all the continents on the 
Earth. Destructive results caused by this type of soils have been reported in many countries. In India, 
large tracts are covered by expansive soils known as black cotton soils. The major area of their 
occurrence is the south Vindhyachal range covering almost the entire Deccan Plateau. These soils 
cover an area of about 200,000 square miles and thus form about 20% of the total area of India. The 
primary problem that arises with regard to expansive soils is that deformations are significantly 
greater than the elastic deformations and they cannot be predicted by the classical elastic or plastic 
theory. Movement is usually in an uneven pattern and of such a magnitude to cause extensive damage 
to the structures resting on them. 

Proper remedial measures are to be adopted to modify the soil or to reduce its detrimental effects if 
expansive soils are indentified in a project. The remedial measures can be different for planning and 
designing stages and post construction stages. Many stabilization techniques are in practice for 
improving the expansive soils in which the characteristics of the soils are altered or the problematic 
soils are removed and replaced which can be used alone or in conjunction with specific design 
alternatives. Additives such as lime, cement, calcium chloride, rice husk, fly ahs etc. are also used to 
alter the characteristics of the expansive soils. The characteristics that are of concern to the design 
engineers are permeability, compressibility and durability. The effect of the additives and the 
optimum amount of additives to be used are dependent mainly on the mineralogical composition of 
the soils. The paper focuses about the various stabilization techniques that are in practice for 
improving the expansive soil for reducing its swelling potential and the limitations of the method of 
stabilization there on. 

Modification of BC soil by chemical admixture is a common method for stabilizing the swell-shrink 
tendency of expansive soil [5]. Advantages of chemical stabilization are that they reduce the swell- 
shrink tendency of expansive soils and also render the soils less plastic. Among the chemical 
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stabilization methods for expansive soils, lime stabilization is mostly adopted for improving the swell- 
shrink characteristics of expansive soils. The reaction between lime and clay in the presence of water 
can be divided in to two distinct processes [20]. The use of calcium chloride in place of lime, as 
calcium chloride is more easily made into calcium charged supernatant than lime [40]. The 
electrolytes like potassium chloride, calcium chloride and ferric chloride can be effectively used in 
place of the conventionally used lime, because of their ready dissolvability in water and supply of 
adequate cations for ready cation exchange ([55], [56], [42]). 

Calcium chloride is known to be more easily made into calcium charged supernatant than lime an 
helps in ready cation exchange reactions [44]. The CaCl 2 might be effective in soils with expanding 
lattice clays [33]. The stabilization to the in-situ soil using KOH solution was made and revealed that 
the properties of black cotton soils in place can be altered by treating them with aqueous solution of 
KOH [27]. The laboratory tests reveals that the swelling characteristics of expansive soils can be 
improved by means of flooding at a given site with proper choice of electrolyte solution more so using 
chloride of divalent or multivalent cations [19]. The influence of CaCl 2 and KOH on strength and 
consolidation characteristics of black cotton soil is studied [55] and found an increase in the strength 
and reduction in the settlement and swelling. 5% FeCl 3 solution to treat the caustic soda contaminated 
ground of an industrial building in Bangalore [55]. In this work an attempt made to study the effect of 
electrolytes like KC1, CaCl 2 and FeCl 3 on the properties of expansive soiL 

The bibliography on stabilization of soil and calcium chloride giving its wide use in highways [5 8]. 
[30], [18], [53] has stated that CaCl 2 enjoyed its wide use as dust palliative and frost control of 
subgrade soil. 

When lime stabilization is intended to modify the in-situ expansive soil bed it is commonly applied in 
the form of lime piles ([24], [6], [23], [7], [1], [10], [65], [18], [51]) or lime slurry pressure injection 
(LPSI) ([66],[63],[36],[58],[26],[9],[3],[59]). 

Numerous investigators,([20], [34], [64], [43], [15], [41], [35], [45], [29], [37], [45], [4], [22], [2], 
[31], [39], [32]), have studied the influence of lime, cement, lime-cement, lime-flyash, lime -rice- 
husk-ash and cement - flyash mixes on soil properties, mostly focusing on the strength aspects to 
study their suitability for road bases and subbasess. As lime and cement are binding materials, the 
strength of soil-additive mixtures increases provided the soil is reactive with them. However, for 
large-scale field use, the problems of soil pulverization and mixing of additives with soil have been 
reported by several investigators ([20], [58], [9], [5], [44]). 

It is an established fact that, whenever a new material or a technique is introduced in the pavement 
construction, it becomes necessary to experiment it for its validity by constructing a test track, where 
the loading, traffic and other likely field conditions are simulated. Several test track studies 
([38], [49], [54], [50], [12], [25], [8], [14], [17], [52]), have been carried out in many countries to 
characterize the pavement materials and to assess the effectiveness of remedial techniques developed 
to deal with the problematic condition like freeze-thaw, expansive soil and other soft ground 
problems. 

Recent studies ( [60], [28]), indicated that CaCl 2 could be an effective alternative to conventional lime 
used due to its ready dissolvability in water and to supply adequate calcium ions for exchange 
reactions. [13] Studied the use of KC1 to modify heavy clay in the laboratory and revealed that from 
engineering point of view, the use of KC1 as a stabilizer appears potentially promising in locations 
where it is readily and cheaply available. In the present work, the efficiency of Potassium Chloride 
(KC1), Calcium Chloride (CaCl 2 ) and Ferric Chloride (FeCl 3 ) 5 as stabilizing agents, was extensively 
studied in the laboratory for improving the properties of expansive soil. 

The experiences of various researchers in the field as well as laboratory chemical stabilization have 
been presented briefly in the above section. Experimental study methodologies for laboratory are 
presented in the following section. 

II. Experimental Study 

2.1. Soil 

The black cotton soil was collected from Morampalem, a village nearer to Amalapuram of East 
Godavari District in Andhra Pradesh in India. The physical properties of the soil are given in Table 1. 
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Table.l: Physical Properties of Expansive Soil 



Property 












Grain Size 
Distribution 


Sand (%) 


Silt (%) 


Clay (%) 






2 


22 


76 






Atterberg 
Limits 


Liquid limit 

(%) 


Plastic limit (%) 


Plasticity 
Index 


Shrinkage 
Limit (%) 




85 


39 


46 


12 




Classification 


CH 


Specific Gravity 


2.68 


Free Swell 
Index 


140% 


Compaction 
properties 


Maximum 

Dry 

Density 

(g/cc) 


Optimum moisture 
Content (%) 


Soaked 

CBRof 

sample 

prepared 

at MDD 

&OMC 


2 


1.42 


26.89 


Permeability 
of the sample 
prepared at 
OMC & MDD 


1.89x10" 7 
cm/sec 


Shear Strength 
Parameters of the 
sample prepared at 
OMC & MDD 


Cohesion 

(C) 

(kg/cm 2 ) 


Angle of internal friction 

(0) 


0.56 


2° 



2.2. Chemicals 

Three chemicals of commercial grade, KC1, CaCl 2 and FeCl 3 are taken in this study. The quantity of 
the chemical added to the expansive soil was varied from to 1.5% by dry weight of soil. 

2.3. Test Program 

Electrolytes like KC1, CaCl 2 and FeCl 3 are mixed in different proportions to the expansive soil and the 
physical properties like liquid limit, plastic limit, shrinkage limit and DFS of the stabilized expansive 
soil are determined to study the influence of electrolytes on the physical properties of the expansive 
soil. Then stabilized expansive soil with different percentage of electrolytes are tested for engineering 
properties, like permeability, compaction, unconfined compressive strength and shear strength 
properties to study the influence of electrolytes on expansive soil. 

In this section the details of laboratory experimentation were presented. Analysis and discussion of 
test results will be presented in the next section. 



III. Results and Discussion 

3.1. Effect of Additives on Atterberg's Limits 

The variation of liquid limit values with different percentages of chemicals added to the expansive 
soil is presented in the Fig. 1. It is observed that the decrease in the liquid limit is significant upto 1% 
of chemical added to the expansive clay for all the chemicals, beyond 1% there is a nominal decrease. 
Maximum decrease in liquid limit for stabilized expansive clay is observed with the chemical FeCl 3 , 
compared with other two chemicals, KC1 and CaCl 2 . Nominal increase in plastic limit of stabilized 
expansive clay is observed with increase the percentage of the chemical (Fig. 2). 
Fig. 3 shows the variation of plasticity index with the addition of chemicals to expansive clay. The 
increase in the plastic limit and the decrease in the liquid limit cause a net reduction in the plasticity 
index. It is observed that, the reduction in plasticity indexes are 26%, 41% and 48% respectively for 1 
% of KC1, CaCl 2 and FeCl 3 added to the expansive clay. The reduction in plasticity index with 
chemical treatment could be attributed to the depressed double layer thickness due to cation exchange 
by potassium, calcium and ferric ions. 

The variation of shrinkage limit with the percentage of chemical added to the expansive soil is 
presented in the Fig. 4. With increase in percentage of chemical added to the expansive soil the 
shrinkage limit is increasing. With 1.5 % chemical addition, the shrinkage limit of stabilized 
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expansive clay is increased from 12% to 15.1%, 15.4% and 16% respectively for KC1, CaCl 2 and 
FeCl 3 . 

3.2. Effect of Additives on DFS 

The variation of DFS of stabilized expansive clay with addition of different percentages of chemicals 
is shown in the Fig.5. It is observed that the DFS is decreasing with increasing percentage of chemical 
added to the expansive soil. Significant decrease in D.F.S. is recorded in stabilized expansive clay 
with addition of 1% of chemical. The reductions in the DFS of stabilized expansive clay with 
addition of 1% chemical are 40%, 43% and 47% for KC1, CaCl 2 and FeCl 3 respectively compared 
with the expansive clay. The reduction in DFS values could be supported by the fact that the double 
layer thickness is suppressed by cation exchange with potassium, calcium and ferric ions and with 
increased electrolyte concentration. 
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3.3. Effect of Additives on CBR 

Fig. 6 shows the variation of CBR of stabilized expansive clay with addition of different percentages 
of chemicals. It is can be seen that the CBR is increasing with increasing percentage of chemical 
added to the expansive soil. Significant increase in CBR is recorded in stabilized expansive clay with 
addition of chemical upto 1%, beyond this percentage the increase in CBR is marginal. The increase 
in CBR values of stabilized expansive clay with addition of 1% chemical are 80%, 99% and 116% for 
KC1, CaCl 2 and FeCl 3 respectively compared with the expansive clay. The increase in the strength 
with addition of chemicals may be attributed to the cation exchange of KC1, CaCl 2 & FeCl 3 between 
mineral layers and due to the formation of silicate gel. The reduction in improvement in CBR beyond 
1% of chemicals KC1, CaCl 2 & FeCl 3 , may be due to the absorption of more moisture at higher 
chemical content. 
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Fig.6: Variation of CBR of stabilized expansive bed with percentage of Chemical 

3.4. Effect of Additives on Shear Strength Properties 

The unconfined compressive strength of the remoulded samples prepared at MDD and optimum 
moisture content with addition of 0.5%, 1% and 1.5 % of chemicals, KC1, CaCl 2 & FeCl 3 , to the 
expansive soil are presented in the table 2. The prepared samples are tested after lday, 7 days and 14 
days. As expected, the unconfined compressive strength is increasing with time may be due chemical 
reaction. It is observed that the unconfined compressive strength of the stabilized expansive soil is 
increasing with increase in percentage of chemical added to the soil. The unconfined compressive 
strength of stabilized expansive clay is increased by 133%, 171% & 230% when treated with 1% 
chemical, of KC1, CaCl 2 and FeCl 3 respectively. The increase in the strength with addition of 
chemicals may be attributed to the cation exchange of KC1, CaCl 2 & FeCl 3 between mineral layers and 
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due to the formation of silicate gel. The reduction in strength beyond 1% each of KC1, CaCl 2 & FeCl 3 
may be due to the absorption of more moisture at higher KC1, CaCl 2 & FeCl 3 . 

The undrained shear strength parameters of the remoulded samples prepared at MDD and optimum 
moisture content with addition of 0.5%, 1% and 1.5 % of chemicals, KC1, CaCl 2 & FeCl 3 , to the 
expansive soil are presented in the table 3. The prepared samples are tested after lday, 7 days and 14 
days. Significant change in undrained cohesion and marginal change in angle of internal friction is 
observed with addition of chemicals to the expansive clay. The increase in the shear strength 
parameters with addition of chemicals may be attributed to the cation exchange of chemicals. The 
shear strength parameters are increases upto 1 % chemical addition of above three chemicals, beyond 
this percentage there is a considerable decrease is observed may be due to the absorbtion of more 
moisture at higher chemical content. 



Table: 2 Variation of Undrained compressive strength of stabilized expansive clay 



Chemical added 
to the soil 


Percentage of 

Chemical added 

to the soil 


Unconfined Compressive Strength (KPa) 


1 day 


7 days 


14days 


Without chemical 


-- 


92 


-- 


-- 


KC1 


0.5 


130 


175 


188 


1.0 


170 


185 


215 


1.5 


125 


160 


180 


CaCl 2 


0.5 


135 


200 


215 


1.0 


175 


215 


250 


1.5 


128 


184 


207 


FeCl 3 


0.5 


140 


245 


256 


1.0 


181 


270 


304 


1.5 


132 


223 


248 



Table: 


3 Variation of Shear strength parameters with the addition of chemicals to the expansive clay 


Chemical 

added to 

the soil 


Percentage 

of 

Chemical 

added to 

the soil 


Unconfined Compressive Strength (KPa) 


lday 


7 days 


14days 


Cohesion, 
C u (kg/cm 2 ) 


Angle of 
internal 
friction, 

♦, 0>eg.) 


Cohesion, 

C u 
(kg/cm 2 ) 


Angle of 

internal 

friction, <|>, 

(Deg.) 


Cohesion, 
C u (kg/cm 2 ) 


Angle of 
internal 
friction, 
♦, (Deg.) 


Without 
chemical 


— 


0.56 


2 U 


— 


— 


~ 


— 


KC1 


0.5 


0.61 


? 


1.11 


5° 


1.28 


7° 


1.0 


0.72 


5 U 


1.23 


4° 


1.32 


4° 


1.5 


0.65 


6° 


1.15 


4° 


1.26 


4° 


CaCl 2 


0.5 


0.70 


? 


1.21 


5° 


1.30 


4° 


1.0 


0.78 


6° 


1.32 


5° 


1.38 


3° 


1.5 


0.77 


6° 


1.27 


4° 


1.34 


3° 


FeCl 3 


0.5 


0.89 


6° 


1.26 


4° 


1.33 


3° 


1.0 


0.96 


4° 


1.35 


3° 


1.46 


3° 


1.5 


0.93 


3 U 


1.30 


4 U 


1.38 


3 U 
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In this section the results of various tests carried out in the laboratory are discussed. Conclusions will 
be discussed in the next section. 

IV. Conclusions 

The following conclusions can be drawn from the laboratory study carried out in this investigation. 

It is observed that the liquid limit values are decreased by 57 %, 63% and 70% respectively for 1% of 

KC1, CaCl 2 and FeCl 3 chemicals added to the expansive clay. Marginal increase in plastic limits is 

observed with addition of chemical to the expansive clay. Decrease in plasticity index is recorded 

with addition of chemical to the expansive soil. The shrinkage limit is increasing with 1.5 % chemical 

addition; it is observed that the shrinkage limit of stabilized expansive clay is increased from 12% to 

15.1%, 15.4% and 16% respectively for KC1, CaCl 2 and FeCl 3 . 

The DFS values are decreased by 40%, 43% and 47% for 1% of KC1, CaCl 2 and FeCl 3 treatments 

respectively. 

The CBR values are also increased by 80%, 103% and 116% respectively for 1% of KC1, CaCl 2 and 

FeCl 3 treatment. 

It is observed that the Significant change in undrained cohesion and marginal change in angle of 

internal friction is observed with addition of chemicals to the expansive clay. 

The UCS values are increased by 133%, 171% and 230% respectively for 1% of KC1, CaCl 2 and 

FeCl 3 treatments for a curing period of 14 day 
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Abstract 

This paper proposes an automated system for recognizing plant species based on leaf images. Plant leaf images 
corresponding to three plant types, are analyzed using three different shape modelling techniques, the first two 
based on the Moments-Invariant (M-I) model and the Centroid-Radii (C-R) model and the third based on a 
proposed technique of Binary-Superposition (B-S). For the M-I model the first four central normalized moments 
have been considered. For the C-R model an edge detector has been used to identify the boundary of the leaf 
shape and 36 radii at 10 degree angular separation have been used to build the shape vector. The proposed 
approach consists of comparing binary versions of the leaf images through superposition and using the sum of 
non-zero pixel values of the resultant as the feature vector. The data set for experimentations consists of 180 
images divided into training and testing sets and comparison between them is done using Manhattan, Euclidean 
and intersection norms. Accuracies obtained using the proposed technique is seen to be an improvement over 
the M-I and C-R based techniques, and comparable to the best figures reported in extant literature. 

KEYWORDS' Plant recognition, Moment Invariants, Centroid Radii, Binary Superposition, Computer Vision 

I. Introduction 

It is well known that plants play a crucial role in preserving earth's ecology and environment by 
maintaining a healthy atmosphere and providing sustenance and shelter to innumerable insect and 
animal species. Plants are also important for their medicinal properties, as alternative energy sources 
like bio-fuel and for meeting our various domestic requirements like timber, clothing, food and 
cosmetics. Building a plant database for quick and efficient classification and recognition of various 
flora diversities is an important step towards their conservation and preservation. This is more 
important as many types of plants are now at the brink of extinction. In recent times computer vision 
methodologies and pattern recognition techniques have been successfully applied towards automated 
systems of plant cataloguing. From this perspective the current paper proposes the design of a system 
which uses shape recognition techniques to recognize and catalogue plants based on the shape of their 
leaves, extracted from digital images. The organization of the paper is as follows : section 2 discusses 
an overview of related works, section 3 outlines the proposed approach with discussions on feature 
computation and classification schemes, section 4 provides details of the dataset and experimental 
results obtained, and section 5 brings up the overall conclusion and scopes for future research. 

II. Previous Works 

Many methodologies have been proposed to analyze plant leaves in an automated fashion. A large 
percentage of such works utilize shape recognition techniques to model and represent the contour 
shapes of leaves, however additionally, color and texture of leaves have also been taken into 
consideration to improve recognition accuracies. One of the earliest works [1] employs geometrical 
parameters like area, perimeter, maximum length, maximum width, elongation to differentiate 
between four types of rice grains, with accuracies around 95%. Use of statistical discriminant analysis 
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along with color based clustering and neural networks have been used in [2] for classification of a 
flowered plant and a cactus plant. In [3] the authors use the Curvature Scale Space (CSS) technique 
and k-NN classifiers to classify chrysanthemum leaves. Both color and geometrical features have 
been used in [4] to detect weeds in crop fields employing k-NN classifiers. In [5] the authors propose 
a hierarchical technique of representing leaf shapes by first their polygonal approximations and then 
introducing more and more local details in subsequent steps. Fuzzy logic decision making has been 
utilized in [6] to detect weeds in an agricultural field. In [7] the authors propose a two step approach 
of using a shape characterization function called centroid-contour distance curve and the object 
eccentricity for leaf image retrieval. The centroid-contour distance (CCD) curve and eccentricity 
along with an angle code histogram (ACH) have been used in [8] for plant recognition. The 
effectiveness of using fractal dimensions in describing leaf shapes has been explored in [9]. In 
contrast to contour-based methods, region-based shape recognition techniques have been used in [10] 
for leaf image classification. Wang et al. [11] describes a method based on fuzzy integral for leaf 
image retrieval. In [12] the authors used an improved CSS method and applied it to leaf classification 
with self intersection. Elliptic Fourier harmonic functions have been used to recognize leaf shapes in 
[13] along with principal component analysis for selecting the best Fourier coefficients. In [14] the 
authors propose a leaf image retrieval scheme based on leaf venation, represented using points 
selected by the curvature scale scope corner detection method on the venation image and categorized 
by calculating the density of feature points using non parametric estimation density. In [15] the 
authors propose a new classification method based on hypersphere classifier based on digital 
morphological feature. In [16] 12 leaf features are extracted and orthogonalized into 5 principal 
variables which consist of the input vector to a neural network (NN), trained by 1800 leaves to 
classify 32 kinds of plants. NNs have also been used in [17] to classify plants based on parameters 
like size, radius, perimeter, solidity and eccentricity of the leaf shape. In [18] shape representation is 
done using a new contour descriptor based on the curvature of the leaf contour. Wavelet and fractal 
based features have been used in [19] to model the uneven shapes of leaves. Texture features along 
with shape identifiers have been used in [20] to improve recognition accuracies. Other techniques like 
Zernike moments and Polar Fourier Transform have been proposed in [21] for modeling leaf 
structures. In [22] authors propose a thresholding method and H-maxima transformation based 
method to extract the leaf veins for vein pattern classification. In [23] authors propose an approach for 
combining global shape descriptors with local curvature -based features, for classifying leaf shapes of 
nearly 50 tree species. Finally in [24] a combination of all image features viz. color, texture and 
shape, have been used for leaf image retrieval. 

III. Shape Recognition Techniques 

In this section we review two existing methods of shape recognition which have been used for plant 
classification, namely Moments -Invariant (M-I) and Centroid-Radii (C-R) and compare it with our 
proposed technique with respect to their recognition accuracies. 

3.1. Moments Invariant (M-I) Approach: An Overview 

M. K. Hu [25] proposes 7 moment features that can be used to describe shapes which are invariant to 
rotation, translation and scaling. For a digital image, the moment of a pixel P(x,y) at location 
(x, y)is defined as the product of the pixel value with its coordinate distances i.e. m = x.y.P(x, y) . The 
moment of the entire image is the summation of the moments of all its pixels. More generally the 
moment of order (p,q) of an image I(x, y) is given by 



m Pq 



= ^[x p y«I(x,y)] (1) 

x y 

Based on the values of p and q the following are defined: 
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The first four Hu invariant moments which are invariant to rotation are defined as follows: 

<f\=m 2Q +m 02 
(p 2 =(m 20 -m 02 ) 2 + (2m n ) 2 



(p 3 = (m 30 -3m 12 ) 2 +(3m 21 -m 03 ) 2 (3) 



(p A = (m 30 +m 12 ) 2 +(m 21 +m 03 ) 2 

To make the moments invariant to translation the image is shifted such that its centroid coincides with 
the origin of the coordinate system. The centroid of the image in terms of the moments is given by: 

m 10 

(4) 

y c = — 

Then the central moments are defined as follows: 



v Pq =mS-(x-Xc) p (y-yc) q Kx,y)} 



(5) 



To compute Hu moments using central moments the (p terms in equation (3) need to be replaced by (i 
terms. It can be verified that uoo = m o, u.10 = = u^i- 

To make the moments invariant to scaling the moments are normalized by dividing by a power of Uoo- 
The normalized central moments are defined as below : 



M va = -^-, where 0) = l + ^- 
3.2. Centroid-Radii (C-R) Approach: An Overview 



(6) 



In [26] K. L. Tan et al. proposes the centroid-radii model for estimating shapes of objects in images. 
A shape is represented by an area of black on a white background. Each pixel is represented by its 
color (black or white) and its x-y co-ordinates on the canvas. The boundary of a shape consists of a 
series of boundary points. A boundary point is a black pixel with at least one white pixel as its 

151 | Vol. 2, Issue 1, pp. 149-158 



International Journal of Advances in Engineering & Technology, Jan 2012. 

©IJAET ISSN: 2231-1963 

neighbor. Let (x.,j.) 5 i = l,...,n represent the shape having n boundary points. The centroid is 
located at the position C( X c , Y c ) which are respectively, the average of the x and y co-ordinates for 
all black pixels : 

n 

I* 



(7) 



1 c 

n 

A radius is a straight line joining the centroid to a boundary point. In the centroid-radii model, lengths 
of a shape's radii from its centroid to the boundary are captured at regular intervals as the shape's 
descriptor using the Euclidean distance. More formally, let 9 be the measure of the angle (in degrees) 
between radii (Figure 1). Then, the number of angular intervals is given by k -360/9. The length L. of 

the /-th radius formed by joining the centroid C ( X c , Y c ) to the i-th sample point s t (x ( , y. ) is given 
by: 

Z,=V(X c -x,) 2 + (F c -j,) 2 (8) 

All radii lengths are normalized by dividing with the longest radius length from the set of radii lengths 
extracted. Let the individual radii lengths be L^ , L 2 , L 3 , ..., L k where k is total number of radii drawn at 

an angular separation of 9. If the maximum radius length is L max then the normalized radii lengths are 
given by: 

( i =— J —, i=l,...,k /^x 

max 

Furthermore, without loss of generality, suppose that the intervals are taken clockwise starting from 
the x-axis direction (0°). Then, the shape descriptor can be represented as a vector consisting of an 
ordered sequence of normalized radii lengths: 

With sufficient number of radii, dissimilar shapes can be differentiated from each other. 



Figure 1. Centroid-radii approach 

3.3. Proposed Approach: Binary Superposition (B-S) 

The proposed approach is conceptually simpler than either of the above two techniques but provides 
comparatively better recognition accuracies. The leaf images are converted to binary images by 
thresholding with an appropriate value. Two binary shape images Si and S 2 are superimposed on each 
other and a resultant R is computed using logical AND operation between them. 

R = s l f]s 2 (H) 
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For the binary resultant image, all the non-zero pixel values are summed up. This sum is used as the 
feature value for discrimination. A large value of the sum would indicate high similarity between the 
images while a low sum value indicates low similarity. A test image is compared to all the training 
samples of each class and the mean resultant for each class is computed. The test image is classified to 
the class for which the mean resultant is maximum. Figure 2 illustrates that when two images of 
different classes are superimposed then the resultant image contains less non-zero pixels than for 
images belonging to the same class. 





An image of 
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An image of 
Class B 



Resultant 

Superposition 

Image 





An image of 
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An image of 
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Resultant 

Superposition 

Image 



Figure 2. Resultant images after binary superposition 

IV. Experimentations and Results 

4.1. Dataset 

Experimentations are performed by using 180 leaf images from the Plantscan database [27]. The 
dataset is divided into 3 classes: A (Arbutus unedo), B (Betula pendula Roth), C (Pittosporum_tobira) 
each consisting of 60 images. Each image is 350 by 350 pixels in dimensions and in JPEG format. A 
total of 120 images are used as the Training set (T) and the remaining 120 images as the Testing set 
(S). The legends used in this work are as follows : AT, BT, CT denotes the training set while AS, BS, 
CS denotes the testing set, corresponding to the three classes. Sample images of each class are shown 
below in Figure. 3. 
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ft 
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Figure 3. Samples of leaf images belonging to the three classes 
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4.2. M-I based computations 

The first four moments Mi to M 4 of each image of the training and testing sets are computed as per 
equation (6). Feature values are first considered individually and corresponding results are tabulated 
below. Comparisons between training and testing sets are done using Manhattan distances (Li). 
Results are summarized below in Table 1. The last column depicts the overall percentage accuracy 
value. 

Table 1 : Percentage accuracy using M-I approach 
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Best results of 81% are obtained using Mi. Corresponding plots depicting the variation of the Mi 
feature values for the three classes over the training and testing datasets are shown below in Figure 4. 
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Figure 4. Variation of Mi for Training and Testing set images 

4.3. C-R based computations 

Each image is converted to binary form and the Canny edge detector is used to identify its contour. Its 
centroid is computed from the average of its edge pixels. Corresponding to each edge pixel the angle 
it subtends at the centroid is calculated and stored in an array along with its x- and y- coordinate 
values. From the array 36 coordinate values of edge pixels which join the centroid at 10 degree 
intervals from to 359 degrees are identified. The radii length of joining these 36 points with the 
centroid is calculated using the Euclidean distance and the radii lengths are normalized to the range 
[0, 1]. For each leaf image 36 such normalized lengths are stored in an ordered sequence as per 
equation (10). Figure 5 shows a visual representation of a leaf image, the edge detected version, the 
location of the centroid and edge pixels, and the normalized radii vector. 
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Edge Pixel and Centroid 




Edge Detected Image 




Figure 5. Interface for Centroid-Radii computation 



The average of the 36 radii lengths for each image of each class both for the training and testing sets, 
is plotted in Figure 6, to depict the overall feature range and variation for each class. 



Variation of Mean Radii Lengths of Training set 




Figure 6. Variation of mean radii length for Training and Testing set images 

Classes are discriminated using Euclidean distance (L 2 ) metric between the 36-element C-R vectors of 
training and testing samples. Results are summarized below in Table 2. 

Table 2 : Percentage accuracy using C-R approach 
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4.4. B-S based computations 

Each image is converted to binary form by using a 50% thresholding. A binarized test image is 
multiplied with each of the binarized training samples for each class as per equation (11) and the sum 
of the 'Is' in the resultant image is used as the feature vector for discrimination. Figure 7 shows the 
variation of feature values for the three classes. The upper plot is obtained by binary superposition of 
Class-A testing images with all training samples, the middle plot is obtained by binary superposition 
of Class-B testing images with all training samples and the lower plot is obtained by binary 
superposition of Class-C testing images with all training samples. 
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Figure 7. Variation of feature value for Testing set images using B-S approach 

Classes are discriminated by determining the maximum values of the resultant B-S matrices computed 
by superimposing the training and testing samples. Results are summarized below in Table 3. 

Table 3 : Percentage accuracy using B-S approach 
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V. Analysis 

Automated discrimination between three leaf shapes was done using a variety of approaches to find 
the optimum results. The study reveals that for M-I approach provide best results for the Ml feature. 
Accuracies based on C-R method using a 36-element radii vector provide results better than 
individual M-I features. The proposed approach of binary superposition improved upon the results 
provided by the M-I approach. Best results obtained using different methods are summarized below in 
Table 4. 

Table 4 : Summary of accuracy results 
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To put the above results in perspective with the state of the art, the best results reported in [8] is a 
recall rate of 60% for discrimination of chrysanthemum leaves from a database of 1400 color images. 
Accuracy for classification for 10 leaf categories over 600 images is reported to be 82.33% in [10]. 
Overall classification accuracy reported in [11] for 4 categories of leaf images obtained during three 
weeks of germination, is around 90%. Accuracy reported in [13] for classification of 32 leaf types 
from a collection of 1800 images is around 90%. An overall classification of 80% is reported in [14] 
for identifying two types of leaf shapes from images taken using different frequency bands of the 
spectrum. Best accuracies reported in [17] are around 93% using Polar Fourier Transforms. Results 
reported in [20] are in the region of 80% for classifying 50 species. Accuracies of around 97% have 
been reported in [21] for a database of 500 images. It therefore can be said that the accuracies reported 
in the current paper are comparable to the best results reported in extant literature. It may however be 
noted that in many of the above cases color and geometrical parameters have also been combined with 
shape based features to improve results, while the current work is based solely on shape 
characteristics. 

VI. Conclusions and Future Scopes 

This paper proposes an automated system for plant identification using shape features of their leaves. 
Two shape modelling approaches are discussed: one technique based on M-I model and the other on 
C-R model, and these are compared with a proposed approach based on binary superposition. The 
feature plots and recognition accuracies for each of the approaches are studied and reported. Such 
automated classification systems can prove extremely useful for quick and efficient classification of 
plant species. The accuracy of the current proposed approach is comparable to those reported in 
contemporary works. A salient feature of the proposed approach is the low-complexity data modelling 
scheme used whereby the computations only involve binary values. 

Future work would involve research along two directions: (1) combining other shape based techniques 
like Hough transform and Fourier descriptors, and (2) combining color and texture features along with 
shape features for improving recognition accuracies. 
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Abstract 

Artificial intelligence techniques, such as fuzzy logic, neural network and genetic algorithm are recently 
showing a lot of promise in the application of power electronic systems. This Paper describes the control 
strategy development, design and of a fuzzy logic based variable speed wind generation system. In this work 
cage type induction generator and double-sided PWM converters are used. The fuzzy logic based control of the 
system helps to optimize the efficiency and enhance the performance. The generation system uses three fuzzy 
logic controllers. The first fuzzy controller tracks the generator speed with the wind velocity to extract maximum 
power. The second fuzzy logic controller programs machine flux for light load efficiency improvement. The third 
fuzzy logic controller provides robust speed control against wind vortex and turbine oscillatory torque. The 
complete control system has been developed, analyzed, and simulated in Matlab. 

KEYWORDS' Induction Generator, Fuzzy Logic Controller and Wind Generation system. 

I. Introduction 

GRID-connected wind electricity generation is showing the highest rate of growth of any form of 

electricity generation, achieving global annual growth rates in the order of 20 - 25%. Wind power is 

increasingly being viewed as a mainstream electricity supply technology. Its attraction as an 

electricity supply source has fostered ambitious targets for wind power in many countries around the 

world. 

Wind power penetration levels have increased in electricity supply systems in a few countries in 

recent years; so have concerns about how to incorporate this significant amount of intermittent, 

uncontrolled and non-dispatchable generation without disrupting the finely-tuned balance that 

network systems demand. 

Grid integration issues are a challenge to the expansion of wind power in some countries. Measures 

such as aggregation of wind turbines, load and wind forecasting and simulation studies are expected 

to facilitate larger grid penetration of wind power. In this project simulation studies on grid connected 

wind electric generators (WEG) employing 

Squirrel Cage Induction Generator (SCIG)[2]. 

Fuzzy Logic is a powerful and versatile tool for representing imprecise, ambiguous and vague 

information. It also helps to model difficult, even intractable problems. The system uses three 

fuzzy controllers, Fuzzy Programming of Generator Speed, Fuzzy Programming of Generator 

Flux, Fuzzy Control of Generator Speed Loop 

II. Wind - Generation System Description 

2.1 Converter System 

The AC/DC/AC converter is divided into two components: the rotor-side converter (C rotor ) and the 
grid-side converter (C grid ). C rotor and C grid are Voltage-Sourced Converters that use forced-commutated 
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power electronic devices (IGBTs) to synthesize an AC voltage from a DC voltage source. A capacitor 
connected on the DC side acts as the DC voltage source. A coupling inductor L is used to connect 
C grid to the grid. The three-phase rotor winding is connected to C rotor by slip rings and brushes and the 
three-phase stator winding is directly connected to the grid. The power captured by the wind turbine is 
converted into electrical power by the induction generator and it is transmitted to the grid by the stator 
and the rotor windings. The control system generates the pitch angle command and the voltage 
command signals V r and V gc for C rotor and C grid respectively in order to control the power of the wind 
turbine, the DC bus voltage and the reactive power or the voltage at the grid terminals. 



Turbine 
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=Hm 



*" I / Drive train [ 

Wind S tutor 

¥ Induction 

1 Genemtor 




Three -phase 
Grid 



Pitch ungLe 
Figl: The Wind Turbine Doubly-Fed Induction Generator 

Lastly the generation system feeds power to a utility grid. Some of its salient features are as follows: 

• Line side power factor is unity with no harmonic current injection. 

• The cage type induction machine is extremely rugged, reliable, economical, and universally 
popular. 

• Machine current is sinusoidal and no harmonic copper loss. 

• Rectifier can generate programmable excitation for the machine. 

• Continuous power generation from zero to highest turbine speed is possible. 

• Power can flow in either direction permitting the generator to run as a motor for start-up. 

• Autonomous operation is possible either with the help of start up capacitor or dc link battery. 

• Extremely fast transient is also possible. 

The mechanical power and the stator electric power output are computed as follows: 

P m =T m co r -—(l) 
P s = T em G) s —(2) 



For a lossless generator the mechanical equation is: 

T dw 



dt 



= T-(3) 



In steady-state at fixed speed for a lossless generator T m = T em and P m = P s + P r . 
It follows that: 

P r =P m - P s = T m w r - T em w s = -T m Ws " Wr w s 

w s 

P r =-sT m w s 
P r =-sP s -(4) 
where s is defined as the slip of the generator: s = (co s -co r )/co s — (5) 
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Fig 2: The Power Flow diagram 



Generally the absolute value of slip is much lower than 1 and, consequently, P r is only a fraction of P s . 
Since T m is positive for power generation and since co s is positive and constant for a constant 
frequency grid voltage, the sign of P r is a function of the slip sign. P r is positive for negative slip 
(speed greater than synchronous speed) and it is negative for positive slip (speed lower than 
synchronous speed). For super-synchronous speed operation, P r is transmitted to DC bus capacitor and 
tends to raise the DC voltage. The design and performance evaluation of variable speed wind 
generation system [3]. For sub-synchronous speed operation, P r is taken out of DC bus capacitor 
and tends to decrease the DC voltage. C grid is used to generate or absorb the power P gc in order to keep 
the DC voltage constant. In steady-state for a lossless AC/DC/AC converter P gc is equal to P r and the 
speed of the wind turbine is determined by the power P r absorbed or generated by C rotor . 

2.2 Indirect Vector Control: 

The Figure 3 explains the fundamental principle of indirect vector control with the help of a 
phasor diagram. The d s -q s axes are fixed on the stator but the d r -q r axes, which are fixed on 
the rotor, are moving at speed w r as shown. Synchronously rotating axes d e -q e [4] are rotating 
ahead of the d r -q r axes by the positive slip angle s i corresponding to slip frequency w s i. 
Since the rotor pole is directed on the d e axes and w e = w r + w s (6) 



we can write 



e = j w e dt = j(w r + w s i)dt = r + s i 



(7) 



The rotor pole position is not absolute, but is slipping with respect to the rotor at frequency 
w s i. The phasor diagram suggests that the decoupling control, the stator flux component of 
current i qs should be on the q e axis, as shown 

For decoupling control, we can now make a derivation of control equations of indirect vector 
control with the help of d e -q e equivalent. The rotor circuit equation can be written as 



d Vdr 
dt 

dw 



+ R r i dr - (w e -w r ) \|/ qr =0 (8) 



qr 



dt ■ + R r i qr - (We-W r ) \|/ d r =0 (9) 

The rotor flux linkage expression can be given as 
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Ydr= L r i dr + L m i ds (10) 

\|/qr=Lriqr + L m i qs ^^ 

From the above equations, we can write i dr and i qr as 

Iqr — L Yqr ^ Iqs 



1 Lfji . „ 

Idr = — Vdr " — Ids & 



-(12) 




Fig 3: phasor diagram of indirect vector control 

The rotor current in above equations which are inaccessible, can be eliminated with the help of 
equations of i dr and i qr as 

^T + t V* - 77 Rr lds " Wsl Vqr =0--(13) 

^r + £ ^ - 17 Rr ^ + Wsi v* =°--( 14 ) 

Where w s i = w e - w r has been substituted. 
For decoupling control, it is desirable that 



V|/ qr = 



That is 



d^ = 0-(15) 



So that the total rotors flux \|/ r is directed on the d e axis. By substituting the above equations we get 

iqs~™ (16) 



L m R r . 
W s i - — — l a 



y/ r L r 

The frequency signal can be estimated as follows cos0 e = \|/ ds s /\|/ s and sin0 e = \|/ ds 7\|/ s — (17) 

III. Power Circuit and Control Strategy 

The Turbine at the left (a vertical type) is coupled to the cage - type induction generator through a 
speed up gear ratio The variable frequency, variable voltage power generated by the machine is 
rectified to dc by a PWM voltage fed rectifier that also supplies the excitation current (lagging) to the 
machine. 
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Fig 3: Control Block Circuit 

The dc link power is inverted to 230V, 50Hz ac through a PWM inverter and fed to the utility grid. 
The Line current is sinusoidal at unity power factor, as indicated. The generator speed w r is controlled 
by an indirect vector control with a torque control for stiffness and a synchronous current control in 
the inner loops. The output power P is controlled to the dc link voltage V d as shown in the figure3. 
Because an increase in P causes a decrease in V d , the voltage loop error polarity has been inverted. 
The insertion of the line filter inductance L s creates some coupling effect, which is eliminated by a 
decoupler in the synchronous current control loops. The power can be controlled to flow easily in 
either direction. The vertical turbine is started with a motoring torque. As the speed develops, the 
machine goes into generating mode and the machine shut downs by regenerative braking. 

3.1 Generator Speed Tracking Control (FLC-1) 

With an incrementation (or decrementation) of speed, the corresponding incrementation (or 
decrementation) of output power P is estimated. If AP is positive with last positive, Aw r indicated in 
the figure in per-unit value by LAW r (PU), the search is continued in the same direction. 
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Fig 4: Block Diagram of FLC -1 



163 | 



Vol. 2, Issue 1, pp. 159-167 



International Journal of Advances in Engineering & Technology, Jan 2012. 

©IJAET ISSN: 2231-1963 

If on the other hand +Aw r causes - AP , the direction of search is reversed. The variables AP , Aw r and 
LAw r are described by membership functions and rule table. In the implementation of fuzzy control, 
the input variables are fuzzified, the valid control rules are evaluated and combined, and finally the 
output is defuzzified to convert to the crispy value. The wind vortex and torque ripple can lead the 
search to be trapped in a minimum which is not global, so the output Aw r is added to some amount of 
LAw r in order to give some momentum to continue the search and to avoid such local minima. The 
controller operates on a per-unit basis so that the response is insensitive to system variables and the 
algorithm is universal to any system. The membership functions of fuzzy logic controllers are 
explained in [4]. The scale factors KPO and KWR, as shown in Fig. 4, are generated as a function of 
generator speed so that the control becomes somewhat insensitive to speed variation. The scale factor 
expressions are given, respectively, as 

KPO = aiW r 
KWR = a 2 w r 

Where aiand a 2 are the constant coefficients that are derived from simulation studies. Such 
coefficients are converting the speed and power in per-unit values. The advantages of fuzzy control 
are obvious. It provides adaptive step size in the search that leads to fast convergence, and the 
controller can accept inaccurate and noisy signals. The FLC-1 [5] operation does not need any wind 
velocity information, and its real time based search is insensitive to system parameter variation 

3.2 Generator Flux Programming Control (FLC-2) 

Since most of the time the generator is running at light load, the machine rotor flux can be reduced 
from the rated value to reduce the core loss and thereby increase the machine-converter system 
efficiency. The principle of online search based flux programming control by a second fuzzy 
controller FLC-2 is explained in Fig.5. This causes increasing torque current i qs by the speed loop for 
the same developed torque. As the flux is decreased, the machine iron loss decreases with the 
attendant increase of copper loss. However, the total system (converters and machine) loss decreases, 
resulting in an increase of total generated power P . 
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Fig 5: Block diagram of FLC-2 

The principle of fuzzy controller FLC-2 is somewhat similar to that of FLC-1. The system output 
power Po(k) is sampled and compared with the previous value to determine the increment AP . In 
addition, the last excitation current decrement (LAi ds ) is reviewed. On these bases, the decrement step 
of i ds is generated from fuzzy rules through fuzzy inference and defuzzification, as indicated. It is 
necessary to process the inputs of FLC-2 in per-unit values. Therefore, the adjustable gains KP and 
KIDS convert the actual variable to variables with the following expressions 

KP = aw r + b 
KIDS = CiW r - c 2 i qs + c 3 



164 | 



Vol. 2, Issue 1, pp. 159-167 



International Journal of Advances in Engineering & Technology, Jan 2012. 

©IJAET ISSN: 2231-1963 

where a, b, Ci,c 2 and c 3 are derived from simulation studies. The current i qs is proportional to the 
generator torque, and Aw r is zero because the fuzzy controller FLC-2 is exercised only at steady-state 
conditions. The FLC-2 controller operation starts when FLC-1 has completed its search at the rated 
flux condition. If wind velocity changes during or at the end of FLC-2, its operation is abandoned, the 
rated flux is established, and FLC-1 control is activated. 

3.3 Closed-Loop Generator Speed Control (FLC-3) 

The speed loop control is provided by fuzzy controller FLC- 3, as indicated in Fig. 6. As mentioned 
before, it basically provides robust speed control against wind vortex and turbine oscillatory torques. 
The disturbance torque on the machine shaft is inversely modulated with the developed torque to 
attenuate the modulation of output power and prevent any possible mechanical resonance effect. In 
addition, the speed control loop provides a deadbeat type response when an increment of speed is 
commanded by FLC-1. 




Fig 6: Block Diagram of FLC - 3 

The speed loop error (Ew r ) and error change (AEw r ) signals are converted to per-unit signals, 
processed through fuzzy control, and then summed to produce the generator torque component of 
current. Note that, while fuzzy controllers FLC-1 and FLC-2 operate in sequence at steady (or small 
turbulence) wind velocity, FLC-3 is always active during system operation. 

IV. Simulation Results 

Wind - generation system is simulated to validate all the control strategies and then evaluate 

the performance of the system. 

The machine and turbine parameters are given as: 

Machine Parameters: 

3 Phase, 7 hp, 230/450v, 7.6A, 4 poles, 

1500rpm, Ri = 0.25ohm, R r = 0.335ohm 

Turbine Parameters 

3.5KW, Tower = 99.95m, ll.l-22.2r.p.m, r| gear = 5.2, 

A= 0.015, B=0.03, C=0.015 

Generator Speed - Time Output Power - Time 





165 | 



Vol. 2, Issue 1, pp. 159-167 



International Journal of Advances in Engineering & Technology, Jan 2012. 

©IJAET ISSN: 2231-1963 



Flux current - Time 



Wind Velocity - Time 





n : 


] 

i 

4* 


u 














\ j 




















^^^ 



-^ Time 



Fig 7. Simulation Results 

Simulation of wind generation system is performed in matlab and results are presented in fig 7. 
Generator speed, output power, flux current and wind velocity with respect to time are plotted. 

V. Conclusion 

The fuzzy logic based variable speed cage machine wind generation system has been analyzed. The 
system performances have been studied with matlab- simulation to validate all the theoretical 
concepts. There are three fuzzy logic controllers in the generation system: 

• The first fuzzy controller FLC-1 searches on line the optimum generator speed so that the 
aerodynamic efficiency of the wind turbine is maximum. 

• The second fuzzy controller FLC-2 programs the machine flux by an on line search so as to 
optimize the machine converter efficiency. 

• The third fuzzy controller FLC-3 performs robust speed control against turbine oscillatory 
torque and wind vortex. 

The main conclusions of this paper are: 

• The system was found to be parameter insensitive with fuzzy controllers. 

• The system shows a fast-convergence with fuzzy controllers. 

• The system can accept noisy and inaccurate signals. 

• The fuzzy algorithms used in the system are universal and can be applied retroactively in any 
other system. 

• The performance of the system was found to be excellent with all the fuzzy logic controllers. 
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Abstract 

The power of wireless sensor network technology has provided the capability of developing large scale systems 
for real -time monitoring. This paper describes the evolution and generation of a wireless sensor network 
system for landslide detection in north eastern state of India, a region known for its heavy rainfall, steep, slopes 
and frequent landslides. The post to different places and data retrieval or data collection from geographical 
sensors, the design, deployment and deployment of data collection and data aggregation algorithms needed for 
the network, and the network requirements of the deployed landslide detection system, data analysis system etc 
has been discussed in this paper. 

KEYWORDS' Wireless Sensor Networks, Distributed Aggregation Algorithms, Heterogeneous Networks, 
Landslide. 

I. Introduction 

The real- time monitoring of environmental disasters are one of the most the importance necessity of 
the world. Different type of technologies has been developed for this purpose. Wireless sensor 
network (WSN) is one of the major technologies that can be used for real- time monitoring. WSN has 
the capability of large scale deployment, low maintenance, scalability, adaptability for different 
scenarios etc. WSN has its own restriction such as low memory power and bandwidth etc, but its 
capability to be deployed towards environment, and low maintenance requirement made it one of the 
best suited technologies for real time monitoring. 

This paper discusses the design and development of a land slide dictation system using WSN at north 
eastern state of India. The deployment site has historically experienced several landslides, with the 
latest one occurring in the year 2008, this remainder of the paper is organized as follows. Section II 
describes the methods for landslide prediction related work in WSN systems, and other related work 
in WSN systems. In Section III, we describe about landslide phenomena and Section IV describes 
about the sensors needed for monitoring rainfall induced landslides. Section V details about the 
enhanced sensor column design used along with this system. Section VI describes about the wireless 
sensor architecture used for landslide scenario and Section VII details the different WSN algorithms 
implemented in the landslide detection network. The wireless sensor testbed is described in details in 
Section VIII Field deployment; its design concerns and experience are described in Section IX. 
Finally we conclude in Section X and in same section future work is also discussed 

II. Related works 

The evolution of WSN ha encourages the development of real-time monitoring of critical and 
emergency application. The wireless sensor technology has generated enthusiasm in computer 
scientists to learn and understand other domain areas which help to propose or develop real-time 
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deployments. The major area of focus is environment monitoring, detection and prediction. The 
Drought Forecast and Alert Systems (DFAS) has been proposed and developed in paper [1, 10]. This 
system uses mobile communication to alert the users, whereas the deployed system uses real time data 
collection and transmission using the wireless sensor nodes, Wi-Fi, satellite network and also through 
internet. The real streaming of data through broadband connectivity provides connectivity to wider 
audience. 

An experimental soil monitoring network using a WSN is presented in reference [3] which explores 
real-time measurements at temporal and spatial granularities which were previously impossible. This 
paper also discusses about the reception of real-time measurements at temporal and spatial 
granularity. Research has shown that other than geotechnical sensor deployment and monitoring, 
other techniques such as remote sensing, automated terrestrial surveys, and GPS technology etc also 
can be used by themselves or in combination with other technologies to provide information about 
land deformation [54]. Paper describes a state of the art system that combines multiple sensor type to 
provide measurements the perform deformation monitoring. 

Reference the topics of slip surface localization in wireless sensor networks, which can be used for 
landslide prediction. A durable wireless sensor node has been developed [13] which can be employed 
in expandable WSN for remote monitoring of soil conditions in areas conducive to slope stability 
failures. This study incorporates both theoretical and practical knowledge from diverse domains such 
as landslides and geomechanics, wireless sensor, Wi-Fi and satellite networks, power saving solutions 
and electronic interface and design, which paved the design, development and deployment of a real 
time landslide detection system using a WSN [52]. 

III. Landslide 

Landslide is general term used to describe the down slope movement of soil, rock and organic 
materials under the influence of gravity. It can be triggered by gradual processes such as weathering 
or by external mechanism including: 

• Undercutting of a slope by stream erosion, wave action, glacier, or human activity such as 
road building. 

• Continuous rainfall, rapid snowmelt, or sharp fluctuation in ground-water levels. 

• Shocks and vibration caused by earthquakes or construction activity. 

Herby once the landslide is triggered, material is transport by various mechanisms including sliding, 

flowing and falling. 

The types of landslides vary with respect to the: 

• Rate of movement:- this range from a very slow creep (millimetres/year) to extremely 
rapid(meters/second) 

• Type of material: - Landslide is composed of bedrock, unconsolidated sediment and organic 
debris. 

• Nature of movement: - The moving remains can slide, slump, flow or fall. 

Landslides constitute a major natural hazard in India that accounts for considerable loss of life and 
damage to communication routes, human settlements, agricultural fields and forest lands. The Indian 
continents with diverse physiographic, seism tectonic and climatologically conditions is subjected to 
varying degree of landslide hazards; the Himalayas including North-eastern mountains ranges being 
the worst affected, followed by a section of Western Ghats and the Vidhyas[2,3]. 
In India, landslides mainly happen due to heavy rainfall, so this study concentrates on rainfall 
includes landslide. Earthquakes can also cause landslides, however in India this is primary confined 
to the Himalayan region. High rainfall intensity accelerates the sliding and slumping in the existing 
hazard zones [44]. 

IV. Sensor Need for Monitoring Rainfall Induced Landslides 

Under heavy rainfall conditions, rain infiltration on the slope cause instability, a reduction in the 
factor of safety, pressure response, changes in water table height, a reduction in shear strength which 
holds the soil or rock, an increase in soil weight and a reduction in the angle of response. When the 
rainfall intensity is larger than the slope saturated hydraulic conductivity and runoff occurs. 
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There are three distinct physical events occur during a landslide: 

• The preliminary slope failure 

• The subsequent transport and 

• The final evidence of the slide materials. 

The initial slope failure can occur due to the increase in pressure and soil moisture content, under 
heavy rainfall which necessitates the inclusion of geophysical sensors for detecting the changes in 
pressure and moisture content with the warning system developed for landslide detection. So the 
system discussed in this paper also includes geophysical sensors such as pressure transducer and 
dielectric moisture sensor for capturing the measurement [5, 8]. 

After the slope failure the subsequent transport of the materials happens that will generate slope 
gradient change, vibration etc which has to be measured and monitored for effective issue of 
warning. So the warning system includes strain gauge and tilt meter that can be used for measuring 
slope gradient changes. Along with them geophone is used for analyzing the vibration [35, 42]. 

V. Enhanced Sensor Column Design 

The commercially available wireless sensor node do not have implanted sensors to measure pressure, 
moisture content, vibration, earth movement etc. This constraint has leaded us to implement data 
acquisition boards to content the external sensors to the wireless sensor nodes [60]. The geological 
sensors were placed inside a sensor column and they were connected to the wireless sensor node via a 
data acquisition board as shown in Figure 1. The sensor column design discussed is an enhanced 
version, which uses a homogenous structure, whereas our design uses a heterogeneous structure which 
differs with respect to the terrain conditions and geological and hydrological parameters of the 
deployment site [6]. And also in this sensor column design all the geological sensor such as geophone 
and dielectric moisture sensor are not placed inside the column but are connected to the same wireless 
sensor node. The sensor column design also includes tilt meters which can be used for validating the 
deformation measurements captured using strain gauges. 
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Figure 1. Enhanced Sensor Column Design 

VI. Wireless Sensor Network Architecture 

The WSN at the deployment site follows a two-layer hierarchy, with lower layer Wireless sensor 
nodes, sample and collect the heterogeneous data from the sensor column and the data packets are 
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transmitted to the upper layer. The upper layer aggregates the data and forwards it to the sink node 
gateway kept at the deployment site [28]. 




Figure 2. Regionalized WSN Architecture for Landslide 

The geological and hydrological properties of the whole landslide area differ in each location, so it 
can be divided into a region having unique properties. Our deployment area is divided in three region 
such as crown region, middle region and toe region as shown in figure and numerous low level nodes 
attached to homogenous sensor column are deployed in these regions [7, 8]. 

VII. Wireless Sensor Network Algorithm 

The WSN uses four algorithms for implementing clustering, distributed consensus among the data 
energy efficient data aggregation and time synchronization, which will contribute for the development 
of an efficient landslide detection system [25, 47]. 

The real-time monitoring networks are constrained by energy consumption, due to the remote location 
of the deployment site and the non availability of constant power. Considering this factor, the WSN at 
the deployment site implemented a totally innovative concept for distributed detection, estimation and 
consensus to arrive at reliable decisions, more accurate than that of each single sensor and capable to 
achieve globally optimal decisions as discussed in research papers [9, 22]. In landslide scenario, the 
implemented of this algorithm imposes a constraint of handling heterogeneous sensors in each sensor 
column. The different methods that can be used for implementing this algorithm, for landslide 
scenario are:- 

• Homogenous sensor columns deployed in each region can be compared and a consensus value 
can be achieved for all the sensor columns in that region. 

• All the sensors deployed in the landslide area can be assigned with a weightage with regards 
to its impact on landslide detection and a common consensus value can be achieved executing 
the algorithms at once, for all deployed sensors. 

• Decentralized consensus performed for the same type of sensors in all sensor columns in a 
region. 

Decentralized consensus for the same type of sensors has developed for the deployed network. The 
decentralized algorithms will be executed for each type of sensors, one by one, for all homogenous 
sensor columns deployed at each region. After initial set of sensor achieve its consensus, the next set 
of sensors will execute the decentralized algorithm and so on [30]. The other designs demand 
knowledge of correlation between different geophysical sensors, whereas this method does not require 
this knowledge, but the processing delay will be more compared to other methods, due to the multiple 
execution of same algorithm. 
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Figure 3. Decentralized Consensus for Same Type of Sensors 

Since the study concentrates on the detection of rainfall induced landslide, the most relevant data will 
be arriving during rainy season. So rainfall based alert levels have been developed which will 
influence the sampling rate of the geological sensors and the transmission of data to higher layers as 
discussed in the threshold based algorithm [10, 11]. This algorithm will help to reduce the energy 
consumed during the low alert levels and also in collecting and transmitting large amount of data, 
only when the environment and geological conditions demand the same. Other than these methods, 
state level transitions have been incorporated to reduce the energy consumption per node which will 
also contribute to reduced energy consumption throughout the network [24, 32]. These requirements, 
however lead to the need of time synchronization and the algorithm planned for implementation in our 
network is discussed in research paper. 

VIII. Wireless Sensor Testbed for Landslide Detection 

The design and development of a WSN for the landslide scenario involves consideration of different 
factors such as terrain structure, vegetation index, climate, variation, accessibility of the area etc. The 
prerequisites of WSN development are selection of sensor column location, sensor column design and 
its data collection method, understanding transmission range and necessity of external antennas or 
addition relay nodes, identification of the communication protocol, development of application 
specific algorithms for data aggregation routing and fault tolerance etc [51]. 

The wireless sensor testbed deployed at northeast, India follow a two layer hierarchy, with the lower 
layer and an upper layer. The lower layer wireless sensor nodes are attached to the sensor column. 
They will sample and collect the heterogeneous data from the sensor column and the data packets are 
transmitted to the upper layer [12, 41]. The upper layer consists of cluster heads, which will aggregate 
the data and forwards it to the sink node gateway kept at the deployment site. Data received at the 
gateway has to be transmitted to the Field Management Center (FMC) which is approximately 500m 
away from the gateway. A Wi-Fi network is used between the gateway and FMC to establish the 
connection [39, 37]. 

The FMC incorporates facilities such as a VSAT (Very Small Aperture Terminal) satellite earth 
station and a broadband network for long distant data transmission. The VSAT satellite earth solution 
is used for data transmission from the field deployment site to the Data Management Centre (DMC) 
situated at our university campus 300 km away, while the broadband connection provides fault 
tolerance for long distance transmission and can be used for uploading real time directly to a web 
page within minimum delay [11, 20]. The DMC consist of the database server and am analysis station, 
which perform data analysis and landslide modelling and simulation on the field data to determine the 
landslide probability. The WSN architecture for land slide detection is shown in figure 4. 
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Figure 4.WSN Architecture for Landslide Detection 

IX. Field Deployment 

The existing infrastructure has evolved through several iterative phases in its implemented. Important 
research focal points were deciding the sensor column locations, designing and constructing the 
sensor columns, sensor column deployment methods, interfacing circuitry, wireless sensor network, 
Wi-Fi network, satellite network, power solution, soil test and data analysis[59,20]. Extensive field 
investigations were conducted for identifying the possible locations for sensor column deployment. 
At the deployment site, an initial twenty sensor column location consisting of 150 sensors total, were 
identified with respect to their geological relevance [44]. The pilot deployment consist of two sensor 
columns, with ten sensors are deployed in the field along with six wireless sensor nodes as shown in 
figure 5. 




Fig 5. Field Deployment 



9.1. Deployment of Sensor Column 

One of the sensor columns is deployed at the toe region where various water seepage lines converge. 
This facts lead to the installation of pressure transducer at different depth (2m, 5m) of the sensor 
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column 1[34]. The other geophysical sensors attached to its sensor column are dielectric moisture 

content transducer, and s geophone. Both pressure transducer and the dielectric moisture sensor are 

sampled at the rate of 10 samples/ second. The micaZ wireless sensor node connected to the sensor 

column transmits the digitized data values to the upper layers of the networks [13]. 

The other sensor column is attached with movement sensor since the location of it's in a unstable 

region. This sensor column has three tilt meters 91m, 2m, 3.5m) and three strain gauges (1.5m, 2.5m, 

and 4m) to capture the earth movement from the sensor column to the sensor column at 1 feet depth. 

The wireless sensor nodes sample three sensors at every five minutes and sent the data to upper level 

sensor nodes in the network [57, 26]. 

The spatial granularity will be increased by further addition of more sensor column approximately 20 

and wireless sensor nodes approximately 20 which is in process. 

9.2. Design and deployment of WSN 

The design and development of WSN for the landslide scenario involves consideration of different 
factors such as terrain structure, vegetation index, climate variation, accessibility of the area etc. The 
prerequisites of WSN development are selection of sensor column location, sensor column design and 
its data collection method, understanding transmission range and necessity of external antennas or 
additional relay nodes, identification of the communication protocol, development of application 
specific algorithm for data aggregation, routing and fault tolerance etc [19,52]. The WSN architecture 
at the deployment is discussed section IV and the wireless sensor nodes used for the deployment are 
2.4GHz MicaZ from Crossbow. The initial gateway was star gate with Intel XScale processor 
500MHZ and running ARM Linux OS was programmed as the Sink Node while the new gateway is a 
single board computer which has 100MB RAM, 32 MB flash and a fixed base mote that is used to 
send and receive the messages through the transceiver [14]. 

The sensor column is physically attached to a wireless sensor node which is integrated with a data 
acquisition board. The distance between current sensor columns is approximately 50 meters, at a slope 
of about 70r. Due to the terrain structure and vegetation, the data for the sensor columns are not able 
to reach the gateway [23, 27]. The major reason for this is no line of sight path between the columns, 
between the first sensor column and the gateway, and between the second sensor column and the 
gateway. The observation along with experiment tests, have has led us to employ three relay nodes in 
between the sensor columns themselves and the gateway. One of the relay nodes is a clustered head 
for this first and second column. The data from the cluster head is transmitted to the gateway in the 
form of packets. At the gateway the received packets are time stamped and stored [40, 46]. 

9.3. Deployment of Wi-Fi Network 

The Wi-Fi network is used to transfer the data from the gateway to the FMC and its uses an external 
antenna and an access point for the same. The network has been tested with WLAN standards 
802.11 [31]. The Wi-Fi network allows us to install the gateway in any scalable distance from FMC. 
Since the region experiences frequent landslides and has several area within every 1 sqkm, which can 
be utilized as future extension sites for landslide detection systems by connecting them to FMC via a 
Wi-Fi networks [56.18]. 

9.4. Deployment of satellite Network 

The basic satellite communication network in the landslide scenario is based on VSAT. The 
geological data collection at the landslide deployment site is transmitted from the FMC at the 
deployment site to the DMC, using the VSAT earth station [33]. The data is transmitted using UPD 
Protocol which includes recovery of lost packets, corrupted packets, secure transmission, and route 
via broadband during unavailability of VSAT, buffering the data to disk in case both networks are 
unavailable and sending the data as soon as the network is connected etc[48,29]. 

9.5. Monitoring Using Data Analysis System 

The DMC consist o the database server and an analysis station which performs landslide modelling 
and data analysis on the data received from the field. The software also has the capability of real 
streaming of data and its analysis results, over internet which will provide greater capability of 
effective warning issue at minimum delay [45]. Data received at the DMC is being been analyzed 
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using the in-house designed data visualization software which has the capability to determine factor of 
safety of the mountain and probability of landslide occurrence with respect to the signals received 
from the deployed sensors. It also has the capability to compare and analysis data from different 
sensor columns, different sensor in the same sensor column the same sensors in different sensor 
column, selective comparison etc [15, 17, 21,]. 

Data is successfully received from the deployment site with minimal data packet loss and analysis of 
data has been performed. Data received from two pressure transducers and a rain gauge is shown in 
Figure 6. 
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Fig 6. Real-time field data 



During monsoon season, the sensors were able to capture the expansion and contraction of soil mass 
during heavy rainfall condition and after rainfall. The data analysis software showed respective 
variation in each of the deployed sensors. 

X. Conclusion and Future Work 

WSN for landslide detection is one of the challenging research areas available today in the field of 
geophysical research. This paper describes about an actual field deployment of a WSN for landslide 
detection. This system uses a heterogeneous network composed of wireless sensor nodes, Wi-Fi and 
satellite terminals for efficient delivery of real time data to the data management canter. The data 
management canter is equipped with software's and hardware's needed for sophisticated analysis of 
the data. The results of the analysis in the form of landslide warnings and risks assessments will be 
provided to the inhabitant of the region. 

In the future, this work will be extended to a full deployment with increased spatial variability, and 
the work in this regard is progressing. Field experiments will be conducted to determine the effects of 
density of the nodes, vegetation, location of sensor columns etc, for detecting rainfall induced 
landslide that may help in the development of low cost WSN for landslide detection. 
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Abstract 

In multilingual environment, the phonetic matching plays an important role in various aspects. Basically, the 
techniques for phonetic matching are useful for information retrieval when text is not clear or not interpreted 
fully. Irrespective of correct form of the keyword, the entered keywords for information retrieval should matched 
phonetically and results should be displayed. Many approaches have been proposed for phonetic matching such 
as use of text-to -phonetic system in translator-based system, use of operators such as MLLike, code-based 
approaches or language- specific phonetic-rule based approaches etc. Each approach is having limitations. In 
this paper, we tried to find some of the limitations of using those existing approaches for Hindi and Marathi 
languages and proposed some solutions for phonetic matching used for information retrieval. 

KEYWORDS' Phonetic matching, text-to-phonetic, writing style, phonetic rules, threshold. 

I. Introduction 

The rapidly accelerating trend of globalization of businesses and the success of e-Governance 
solutions require data to be stored and manipulated in many different natural languages. The primary 
data repositories for such applications need to be efficient with respect to multilingual data. Efficient 
storage and query processing of data spanning over multiple natural languages are of crucial 
importance in today's globalized world. 

As our country is diversified by languages and approximately 10% of population is aware of English 
language, this diversity of languages is becoming a barrier to understand and acquainted in digital 
world. In order to remove the language barrier, information technology (IT) solutions can play a 
major role. A system should be developed and deployed with multilingual support so that it can serve 
all-regional community requirements [1]. However Government of India had already launched the 
program called Technology Development of Indian Languages (TDIL) under which there are many 
projects such as development of corpora, OCR, text-to-speech, machine translation, keyboard layouts 
and so on [2]. It has been found that when services are provided in native languages, it has been 
strongly accepted and used. 

India is a multilingual country with 22 recognized languages and 1 1 written script forms [3] (In some 
literature the officially Indian recognized languages were 23 [4]). All the scripts are derived from 
Brahmi and order of alphabet is similar. They also share some characteristics like common phonetic 
based alphabet, non-linear and complex scripts, word order free, and no cases in Indian scripts. A very 
peculiar feature of Indian languages is that though vowels can occur independently at the beginning, 
they do not occur independently within a word or as the last character of a word [5]. 
India is a country with various linguistics people. In India, the language or script changes after every 
20 kilometers approximately. Though English language is a global language, it cannot be used 
everywhere in India due to minimum percentage of literacy. We need native languages in order to 
reach rural population. There are many areas of applications where we have to keep the data in many 
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languages so that people can access those data in their native languages when they don't know 
English. For example, railway reservation system, state or central government schemes, sales tax 
records, income-tax records, land records etc. These records should be maintained in English or in 
native languages. English records will help us faster processing and analyzing, which helps to make 
decision in certain situation where as native language records will be useful especially for rural and 
uneducated people. From those records, they either will get information or can provide valid data if 
necessary so that further analysis may be possible. 

The goal is to provide a seamless interface to the user crossing all the language barriers. It has been 
found that a user is likely to stay twice as long at a site and four-times more likely to buy a product or 
consume a service, if the information is presented in their native language. Today English on the web 
is down to 35% from 90% in 1995. The fraction of Internet users that are non-native English speakers 
has grown from about half in mid-90' s to about two-third and it is predicted that the majority of 
information available in the Internet will be multilingual by 2012 [6]. 

In this paper, we have proposed possible solutions to handle Indian language issues related to 
phonetic solutions. We had proposed system which will handle syntactic issues similar to phonetic as 
information retrieval for Hindi and Marathi. The phonetic issues are being handled by developing a 
system which will work on phonetic rules for languages and should allow minor variations in 
pronunciation or writing style. This way Indian language issues can be handled with respect to input, 
conversion and display. 

II. Phonetic Matching Issues for Hindi and Marathi 

There are many phonetic matching issues for Hindi and Marathi languages. Some have been described 
below and are addressed in the successive sections. 

> If we consider on hand approaches proposed for English, there are many alphabets for which 
no codes have been assigned as per algorithms. So, we may face problems in using and interpreting 

those alphabets. For example, the alphabets or letters like u \, ^T, T5, and ET does not have code to 
match in Hindi language. 

> If someone misses or adds language alphabets to a string, the string will be either 
misinterpreted or the system will give wrong result. 

> The pronunciation of people other than Hindi or Marathi language speaking community may 
vary. It will be of great challenge to interpret and process those strings and provide the information. 

> Strings ending with vowels need to be handled separately. 

> Also, the strings in Hindi may have ambiguity of using 'Matras' with vowels or consonants. 

> Special characters like '^t\ use of Nukta and so on need to be handled differently. 

> Verbal and visual equivalences between speech sounds (phonemes) and written sign 
(graphemes) need to be found out. Their relationships have to be found out. 

So, we have to consider all issues mentioned above in order to match the strings phonetically in Hindi 
and Marathi languages. This section focuses on some of the issues those are not being handled in 
existing approaches. 

HI. Foundations for Phonetic Matching 

3.1 Input Mechanism 

There are various mechanisms provided to input the keyword in native languages especially in Indian 
languages. Some are described below. We have used Input Method Editor (IME) method because of 
simplicity. 

> Multilingual Physical Keyboards: There are many multilingual physical keyboards available 
for inputting Indian languages, but they are not feasible because it increases the cost and most users 
don't have multilingual keyboards and so it would be a rigid approach. 



180 



Vol. 2, Issue 1, pp. 179-189 



International Journal of Advances in Engineering & Technology, Jan 2012. 

©IJAET ISSN: 2231-1963 

> Multilingual On-screen Keyboards: They can be downloaded from the Internet. But for each 
language the user must be aware of the character mappings between the existing physical keyboard 
and onscreen keyboard. 

> Input Method Editor (IME): Input Method Editor (IME) does transliteration. Transliteration is 
a mapping from one system of writing into another word-by-word or ideally letter-by-letter which is 
opposed to transcription that specifically maps the sounds of one language to the best matching script 
of another language [7]. 

> Inscript Keyboard Layout: This keyboard layout has been standardized in 1986 by DoE and 
addresses few concerns about languages. These concerns includes, first, people perceived Indian 
languages as very difficult to use on mechanical typewriters. There are difficulties in learning 
keyboard layout on vernacular typewriters. Second, there was no standardization on vernacular 
keyboard layouts [7]. Since our languages have a phonetic nature, this leads to the development of a 
common phonetic layout based on consonants and vowels alone. All compositions and conjuncts were 
now handled by a computer with intelligent algorithms. With this phonetic keyboard, one can work on 
multiple languages; it is easy to learn for infrequent users, is excellent for typists, and provides ease of 
use for Indian languages. Since it is common for all Indian scripts, it has been named as Inscript 
keyboard. 

> On-Screen Keyboard Layout with IME: In our domain, we had considered the on-screen 
keyboard layout to input Hindi and Marathi language strings. The on-screen keyboard layouts for 
Hindi and Marathi are shown in appendix A. In order to use those on-screen keyboard layout, we have 
to download and install IMEs for Hindi and Marathi. We had downloaded from bhashalndia.com 
website [7]. We added those two languages in the language bar of my computer from desktop. At 
right corner of the screen, a small icon with language options appeared. We can switch from one 
language to another by selecting the language from this icon. 

3.2 Storage Mechanism 

There are many multilingual database systems have been developed and deployed such as Oracle 9i, 
Microsoft SQL Server 2000, IBM DB2 Universal Server (7.0), and My SQL. Many support the 
encoding standards like Unicode, ISCII or NChar as data type. Some of encoding forms for those 
database systems are described below. 

> ASCII Encoding: The original American Standard Code for Information Interchange (ASCII) 
code was a 7-bit code used to encode all characters of the English language and several special 
characters such as a dot or a semicolon. However, this original code did not encode the umlauts of 
some of the European languages. Thus, the ASCII code was extended by 1 bit (8-bit ASCII code) to 
encode these characters as well. ASCII codes represent the text used in computer, communication 
devices. It includes definitions of 128 characters as 33 non-printable control characters, 94 printable 
characters and space are considered as invisible graphic. The ASCII code is a subset of the Unicode 
[8]. 

> ISCII Encoding: Indian Script Code for Information Interchange (ISCII) is a coding scheme 
for representing various writing systems of Indian languages. It is a Unicode standard for Indian 
scripts [33]. ISCII uses 8 bit code which is an extension of the 7 bit ASCII code containing the basic 
alphabet required for the 10 Indian scripts which have originated from the Brahmi script [8]. The 
ISCII code table is a super set of all the characters required in the Brahmi based on Indian scripts. For 
convenience, the alphabet of the official script Devnagari has been used in the standard. This is 
described in detail in appendix B. 

> Unicode Encoding: Unicode standard is the Universal character encoding standard, used for 
representation of text for computer processing. Unicode standard provides the capacity to encode all 
of the characters used for the written languages of the world. The Unicode standards provide 
information about the character and their use. This standard is very useful for computer users who 
deal with multilingual text, business people, linguists, researchers, scientists, mathematicians and 
technicians. It uses a 16 bit encoding that provides code point for more than 65000 characters 
(65536). It assigns each character a unique numeric value and name. The Unicode standard and 
ISO 10646 standard provide an extension mechanism called UTF-16 that allows for encoding as many 
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as a million. Presently Unicode standard provides codes for 49194 characters. It is the default standard 
for multilingual data storage in any database system. Unicode is a uniform 2-byte encoding standard 
that allows storage of characters from any known alphabet or ideographic system irrespective of 
platform or programming environments. Unicode codes are arranged in character blocks, which 
encode contiguously the characters of a given script (usually single language) [11]. 

> Unicode or ISCII encoding uses separate code points for each character. Logical order is used 
in rendering rules which tends to correspond to pronunciation. They are supporting full consonant 
forms. For inputting the characters, they save lot of space, which increases memory efficiency [1]. 

> The NChar data type: SQL standard specifies a new data type as National Char, (referred to 
as NChar) large enough to store characters from any Indian language or script. We can use nchar 
when the sizes of the column data entries are probably going to be similar or nvarchar when the sizes 
of the column data entries are probably going to vary considerably. SQL-92 onward all standards 
support NChar data type for storing national characters. 

3.3 Display Mechanism 

We must consider two cases for displaying multilingual text. First, running a system from some 
terminal and second, running a system under a window system. Using terminal, a system just sends 
correctly encoded text to terminals and leaves the task of rendering multilingual text to them. The 
code conversion is done with accordance to a coding system specified for the system output. In a 
window system, a system takes responsibility of displaying multilingual text. Each character set is 
assigned the corresponding font. A collection of mappings from all character sets to the corresponding 
fonts is named fontset and is the basis for displaying each character. A fontset can be used according 
to the context. We had used the first approach since font may not be important. Each character is 
being displayed on the screen as a rendering form, where it is equivalent to its either Unicode value. 

IV. Phonetic Matching Approaches: Existing Systems 

4.1 Translator-Based System 

In this category, each string of a language is translated into a uniform representation by using a text- 
to-phonetic (TTP) system [9]. This system will translate each text string into phonetic form. This 
phonetic form is a set of an encoding standard IPA, in which all the alphabet characters are 
represented in phonetic form. For some of the Indian languages, either TTP systems may not be 
available or they need to be developed. 



Text strings 
to match 






Figure 1. General Architecture of Text-To-Phonetic (TTP) Based System 

Using this system, we cannot have the phonetic form of all the characters, especially for Hindi or 
Marathi. In order to match, edit distance can be calculated with some threshold value. Figure 3.1 
shows the general architecture for text-to-phonetic based system. 

4.2 Code-Based Systems 

Using some code in the numeral form or other form, entire string is translated into a code format. This 
code always starts with first character of a string followed by at least four characters [10]. We need to 
compare the codes of both the strings to match two strings. If the codes are same then we may say that 
both strings are phonetically matching. The codes can be generated by grouping the alphabets 
according to their phonemes. Each group will have the same code value. Some system starts the code 
with 0, some starts with 1. But sometimes, we may get same code for different strings. Examples of 
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these systems are soundex, phonix and so on. Some systems may group the alphabet characters and 
assign the code for each group. If two strings are having maximum groups those are having same 
codes then we may say that both strings matches phonetically, example is Q-gram method. 

Rules 



Text strings 
to match 




Figure 2. General Architecture of Code-based System 

Figure 3.2 shows the general architecture for code -based system, where the codes will be generated by 
using rules. The matcher will match the codes for equivalence. 

4.3 Phonetic-Rule Based Systems 

These systems work on the phonetic rules designed for a particular language. These rules are used to 
group the alphabet characters according to phonemes. After applying these rules, each string is 
converted into its phonetic form either in text form or in some code form. In order to match, these 
forms are compared with some threshold value. These systems are easy to use, but difficult to build as 
we have to design phonetic rules for a language. 




Threshold 



Figure 3. General Architecture of Phonetic-Rule based System 

Figure 3.3 shows the general architecture for phonetic rule-based system, where the rules for each 
language apply to convert the string into its phonetic form. The matcher will use threshold value in 
order to match. 

In this section, we elaborated the basic three approaches for phonetic matching. Those approaches 
may work for Hindi and Marathi languages, but need to be revised to a greater extent. 

V. Drawbacks of Existing Phonetic Matching Approaches 

The following are some of the drawbacks from existing phonetic approaches. 

> In one of the approach, we need to find IPA code for each string for phonetic matching which 
is difficult and may not be available for Indian languages. 

> Also we need to use text-to-phonetic (TTP) system for each language. Use of TTP makes the 
system complex. 

> The algorithm depends on the user's predefined threshold value, so there may be an 
ambiguity in matching. 

> The edit distance calculation is complex since many operations are to be carried out. 

> The soundex and Q-gram methods use code for each alphabet. These methods are either 
generating wrong results or may not accommodate the code for all the alphabets for Hindi and 
Marathi languages. 
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VI. Proposed Phonetic Matching Approaches 

We proposed two phonetic approaches. One is based on writing style of the strings, where phonetic 
matching has been done by considering all possible writing styles of the native languages strings. 
Once matching has been done, information retrieval gives us the required results. In the second 
approach, we matched the strings phonetically by converting the strings into its equivalent phonetic 
form by using its phonetic rules for each language. These two matching approaches has been 
explained with proposed algorithm and example in the successive sections. 

6.1 Phonetic Matching Approach - 1 

Objective: Phonetic Matching with Writing Style for Hindi and Marathi 
Input: Native language string, S L i 
Output: IR in selected native language. 

1. Enter the string in any native language such as Hindi or Marathi. 

2. Parse the string to get vowels, consonants or modifiers. 

3. Extract the vowels from the string. 

4. Construct all possible combinations of string using vowels. 

5. Convert the native language string into English by using mapping methodology. 

6. Search the database based on all combinations. 

7. Extract the result string from database. 

8. Convert English language string/s from database into native language string/s. 

9. Display the exact match in native language. 

6.1.1 Example 

Let's take an example of a Hindi string for which corresponding information has been retrieved. 

String in Hindi: '^rfcfoTT 

The following are the steps as per matching algorithm 5.2.3 to be applied to this string. 

STEP 1 (Parsing): After taking native language string as input it is interpreted and parsed according 

to vowels, consonants and modifiers. Thus, we are getting a syllable for a string. 

Parsing of a string HUpHI' : <T Q 3T V o& f& cT or. 
Figure 4. Parsing of a String Htllekdl' 
The consonants are: T, ET, cT, el" 
The vowels are: 3T 
The modifiers are: O, c^ fc?, or. 
Figure 4 shows the parsing of a string Htileldi' as one of the possible ways of writing styles in Hindi 

or Marathi. Other possible ways of writing the same string are 'TErfcToTT or '<fc|<Hl<Hl' or 'T^hoTT'. 

For each string, the system should matched phonetically and provide desired information. Similarly, 

we acquired the parsing of each string and used for matching. 

Here, we are using full consonant approach so that we should get exact consonant, vowel or modifier. 

Even if we are using little high number of primitives for the string, it does not affect the inputting 

efficiency [1]. 

STEP 2 (Translation): Each native language string has to be translated into English, as we are 

maintaining the database in English for a shopping mall domain. We had used character-by-character 

mapping methodology for the translation. In this methodology, each character will be separately 

mapped as shown in table 1. This will convert native language string to English language string. 

After mapping, the entered Hindi string is translated to English as 'raghoolila' as per combinations of 

vowels, consonants and modifiers as shown in table 1. 
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Table 1. Hindi-To-English Conversion Mapping Table 



Hindi 
Characters 


T+q 


3T 


ST 


"CV 


*T 


R* 


oT 


CT 


Equivalent 

English 
Characters 


R 


a 


gh 


00 


1 


i 


1 


a 


Equivalent 
ASCII 
Codes 


2352 


2309 


2328 


2370 


2354 


2311 


2354 


2310 



STEP 3 (Query Formation): After conversion, a query is formed in SQL and fired against the 
database which is stored in English. 

SQL Query: Select * from shopping_mall where shopping_mall_name = 'Raghoolila'. Similarly for 
all translated strings, SQL query is formed as in figure 5. 




Figure 5. SQL Query for a String 'Raghuiila' and Other Forms 

The string is being passed to query module as a parameter and according to cases the query is formed. 
The string is searched in the corresponding database and retrieves it by the database module. 
STEP 4 (Translation and Display): In order to convert English to native language string, we 
mapped each character with its ASCII code [7] and corresponding character is displayed, as shown in 
table 2. This task has been done by translation module. 

Table 2. English-To-Hindi Conversion Mapping Table 



Equivalent 


R 


a 


gh 


00 


L 


i 


1 


a 


English 


















Characters 


















Equivalent 


2352 


2309 


2328 


2370 


2354 


2311 


2354 


2310 


ASCII 


















Codes 


















Equivalent 
Hindi 


T+q 


3T 


tr 


"<s 


cT 


ft 


*T 


or 


Characters 



















For the string 'Raghoolila', the entire tuple has been retrieved as information and translated into Hindi 
as per mapping methodology and shown as information. 

6.1.2 Results 

The results after phonetically matching as IR are shown in figures 6 and 7. Figure 6 shows the user 
interface to enter a string for phonetically matching. Figure 7 shows the IR result after phonetically 
matched with the existing database according to algorithm. 
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_ 


-fl/lci ■: ' i V: TTFTlt slvH-iJUtil^ 





Figure 6. Sample Input Interface for Native Language 




Figure 7. Result of Sample Query 



6.2 Phonetic Matching Approach - II 



Objective: Rule-based Phonetic Matching for Hindi or Marathi 

Input: Two strings either in Hindi or Marathi to match OR one string for IR. 

Output: Phonetic Matching Yes or No OR display of record/s from database as IR. 

> Enter two strings Hindi or Marathi in order to match phonetically. 

> Each string is translated into its phonetic form by using phonetic rules for each language. 

> Parse those two strings to acquire combinations of vowels, consonants or modifiers. 

> Obtain Unicode for each translated string by summing the Unicode value of each character of 
a string. 

> Compare the resultant Unicode values of both the strings by considering a threshold value of 
5%. 

> If these values are within 5%, then we are saying that they are phonetically matched. Else 
they are not matching. 

> For IR, the entered string is searched in database after converting into its equivalent phonetic 
form. If it matches by considering threshold value of 15%, then the corresponding tuple is displayed 
asIR. 

6.2.1 EXAMPLE 

Consider the two strings ^Hdh' and 'F^ffa"' in Hindi. 

STEP 1 (Phonetic Equivalent Strings): 

Its corresponding phonetic forms are: 

STEP 2 (Parsing): 

After parsing those two strings, we acquired the results as combinations of vowels, consonants and 
modifiers as: 

*I3W31cpta = *T o 3T5T q 3TcT Q 3fr*T 
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STEP 3 (Comparison): 

After acquiring phonetic codes from Unicode of each character and transferring them to decimal 
values, we acquired the following codes for the strings: 

*TQ 3T5TO 3T?T Q 3?m= 23487 

^TQ3ToT03T«ro3frT =23488 

By considering 5% threshold to match, the difference is calculated as: 

(23488 - 23487) / 23488) * 100 = 0.0042%. 

STEP 4 (Result): 

The difference is within 5% threshold, so we can say that those strings are phonetically matched. 

6.2.2 Results 

Table 3 shows the comparison of various strings in Hindi and Marathi for phonetic matching. We 
compared our approach with soundex and Q-gram methods and obtained better and accurate results. 
The results are also shown in graphical form as in figure 8. Figure 9 and figure 10 shows the 
information retrieval results after phonetic matching as per proposed methodology. 





Table 3: Comparison of Strings 


for Hindi and Marathi 




Strings 


HINDI 


MARATHI 




SOUNDEX 


Q-GRAM 


INDIC- 
PHONETIC 


SOUNDEX 


Q-GRAM 


INDIC- 
PHONETIC 


41 dH & 


YES 


YES 


YES 


YES 


YES 


YES 




YES 


YES 


NO 


YES 


YES 


NO 


o 


YES 


YES 


YES 


YES 


YES 


YES 


<midcii 


Shan & 


YES 


YES 


NO 


YES 


YES 


NO 




I SOUNDEX 
I Q-GRAM 
IINDIC-PHONETIC 



INDIC-PHONETIC 
Q-GRAM 
SOUNDEX 



Figure 8: Graphical Comparison of Three Phonetic Matching Methods 



187 | 



Vol. 2, Issue 1, pp. 179-189 



International Journal of Advances in Engineering & Technology, Jan 2012. 

©IJAET ISSN: 2231-1963 





SHOPPING MALL DOMAIN 

Select Language <•> Hindi 


O Marathi 

1 




Enter Mall Name | JlViJli 
jLabelS 


SUBMIT CLEAR 





Figure 9. Phonetic Name- wise Search in Domain for IR 
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MA 

Mall Name 
Mall Location 

F*Mone Number 


LL DETAIL 






l^nl | 




\*i*-2\$ I 


|33998989 



Figure 10: IR after Phonetic Matching 



VII. Conclusion 

Many phonetic matching approaches, methods, algorithms have been proposed. But all these need lot 
of parameters, number of external resources needed for matching and so on. Basically all these 
methods are dependent on either international phonemic alphabet or translation system for each 
language. Some approaches rely on code for each alphabet or rules based on pronunciation for 
matching. In this paper, we classified the general approaches for phonetic matching. In proposed 
approaches, these classifications have been applied and evaluated. We also made an evaluation of our 
proposed approaches and compared with approaches like soundex, Q-gram which may work for 
English but may give wrong result for Hindi and Marathi languages. We found better and accurate 
results as compared to other existing approaches for our proposed approaches. 
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Abstract 

We present new designs for full adder featuring hybrid-CMOS design style. The quest to achieve a good- 
drivability, noise-robustness and low energy operations guided our research to explore hybrid-CMOS style 
design. Hybrid-CMOS design style utilizes various CMOS logic style circuits to build new full adders with 
desired performance. We also classify hybrid-CMOS full adders into three broad categories based upon their 
structure. Using this categorization, many full adder designs can be conceived. The new full adder is based on 
XOR-XOR Hybrid CMOS model that gives XOR and XOR full swing output simultaneously. This circuit's 
outperforms its counterparts showing 4%-31% improvement in power dissipation and delay. The output stage 
also provides good driving capability and no buffer connection is needed between cascaded stages. During our 
experiments, we found out that many of the previously reported adders suffered from the problems of low swing 
and high noise when operated at low supply voltages. The proposed full adders are energy efficient and 
outperform several standard full adders without trading of driving capabilities and reliabilities. The new full- 
adder circuits successfully operate at low voltages with excellent signal integrity and driving capability. The 
new adders displayed better performance as compared to the standards full adder. The problem we face during 
the experiment leads us to different zones where efficient circuit can be developed using this new full adder. 

KEYWORDS: Adders, Exclusive OR gate (XOR), Exclusive NOR gate (XNOR), Multiplexer, Hybrid-CMOS 
design style, low power. 

I. Introduction 

The necessity and popularity of portable electronics is driving designers to endeavor for smaller area, 
higher speeds, longer battery life and more reliability. Power and delay are the premium resources a 
designer tries to save when designing a system. The most fundamental units in various circuits such as 
compressors, comparators and parity checkers are full adders [1]. Enhancing the performance of the 
full adders can significantly affect the overall system performance. Figure 1 shows the power 
consumption breakdown in a modern day high performance microprocessor [2]. The data path 
consumes roughly 30% of the total power of the system [19] [23]. Adders are an extensively used 
component in data path and therefore careful design and analysis is required. 

So far several logic styles have been used to design full adders. Each design has its own pros and 
cons. Classical designs use only one logic style for the whole full adder design. One example of such 
design is the standard static CMOS full adder [3]. The main drawback of static CMOS circuits is the 
existence of the PMOS block, because of its low mobility compared to the NMOS devices. Therefore, 
PMOS devices need to be seized up to attain the desired performance. Another conventional adder is 
the complementary pass-transistor logic (CPL) [3]. Due to the presence of lot of internal nodes and 
static inverters, there is large power dissipation. The dynamic CMOS logic provides a high speed of 
operation; however, it has several inherent problems such as charge sharing and lower noise 
immunity. Some other full adder designs include transmission-function full adder (TFA) [4] and 
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transmission -gate full adder (TGA) [5]. The main disadvantages of these logic styles are that they 
lack driving capability and when TGA and TFA are cascaded, their performance degraded 
significantly [23]. 




Figure 1: Power breakdown in high-performance microprocessors 

The remaining adder designs use more than one logic style for their implementation which we call the 
hybrid-CMOS logic design style. Examples of adders built with this design style are DB cell [6], 
NEW 14-T adder [7], and hybrid pass logic with static CMOS output drive full adder [8] and new- 
HPSC [9] adder. All hybrid designs use the best available modules implemented using different logic 
styles or enhance the available modules in an attempt to build a low power full adder cell. Generally, 
the main focus in such attempts is to reduce the numbers of transistors in the adder cell and 
consequently reduce the number of power dissipating nodes. This is achieved by utilizing intrinsically 
low power consuming logic style TFA or TGA or pass transistors. In doing so, the designers often 
trade off other vital requirements such as driving capability, noise immunity and layout complexity. 
Most of these drivers lacking driving capabilities as the inputs are coupled to the outputs. Their 
performance as a single unit is good but when larger adders are built by cascading these single unit 
full adder cells, the performance degrades drastically [21] [25]. The problem can be solved by 
inserting buffers in between stages to enhance the delay characteristics. However, this leads to an 
extra overhead and the initial advantage of having a lesser number of transistors is lost. 
A hybrid-CMOS full adder can be broken down into three modules [6]. Module-I comprises of either 
a XOR or XNOR circuits or both. This module produces intermediate signals that are passed onto 
Module-II and Module-Ill that generate Sum and C out outputs, respectively. There are several circuits 
available in [1], [6] and [7] for each module and several studies have been conducted in the past using 
different combinations to obtain many adders [1], [6], [10]. 

This paper is structured as follows: Section 2 and its subsections briefly introduce three categorized 
model of full adder. Section 3 and its subsections represent our proposed circuits for three different 
Modules where we present a new improved circuit for the simultaneous generation of the XOR and 
XNOR outputs to be used in Module-I and propose a new output unit for Module-II and Module-Ill 
which consist of XOR-XNOR or Multiplexer. Using the new circuits in Module-I, II and III, we build 
new hybrid-CMOS full-adder cells which is discuss in Section 4. Section 5 briefly exhibits the results 
and discussion. The new adder is optimized for low power dissipation and delay then it is compared 
with the classical static-CMOS, CPL, TFA, TGA, NEW14T, HPSC, and NEW-HPSC full-adder cells. 
The proposed full-adder design exhibits full-swing operation and excellent driving capabilities 
without trading off area and reliability. Section 6 suggests the future work and modification of this 
paper. Section 7 concludes the paper. 

II. Full adder categorization 

Depending upon their structure and logical expression we classified hybrid CMOS full adder cells 
[11] into three categories. The expression of sum and carry outputs of 1-b full adder based on binary 
input A, B, C in are, 

Sum=A©B©Q n 

C 0Ut = A.B + C in (A@B) 

These output expression can be expressed in various logic style and that's why by implementing those 
logics different full adders can be conceived. Moreover, the availability of different modules, as 



191 | 



Vol. 2, Issue 1, pp. 190-202 



International Journal of Advances in Engineering & Technology, Jan 2012. 

©IJAET ISSN: 2231-1963 

discussed earlier, provides the designer with more choices for adder implementation [21] [25]. Using 
these different modules [8] we suggest three possible structures for full adder and these are as follows. 



Module-II 




Figure 2: (a) General from of XOR-XOR based model, (b) General from of XNOR-XNOR based model, (c) 
General from of Centralized full adder 

2.1 XOR-XOR Based Full Adder 

In this category, the Sum and Carry outputs are generated by the following expression, where H is 
equal to A B and H' is the complement of H. The general form of this category is shown in Figure 
2(a). 

Sum = A B C in = H C in 

c out = A.H' + C in .H 

The output of the sum is generated by two consecutive two-input XOR gates and the C out output is 
the output of a 2-to-l multiplexer with the select lines coming from the output of Module-I. The 
Module-I can be either a XOR-XNOR circuit or just a XOR gate. In the first category, both Module- 1 
and Module-II consist of XOR gates. In the first case, the output of the XOR circuit is again XORED 
with the carry from the previous stage (C in ) in Module- II. The H and H'outputs are used as 
multiplexer select lines in Module-Ill. The Sum adders belonging to this category are presented in 
[12], [13]. 

2.2 XNOR-XNOR Based Full Adder 

In this category, the Sum and Carry outputs are generated by the following expression where A, B and 
C in are XNORed twice to from the Sum and expression of C out is as same as previous category. The 
general form of this category is shown in Figure 2 (b). 



Sum = A@B@C in = H'@C in 
c out = A.H' + C in .H 

In this category, Module-I and Module-II consist of XNOR gates and Module-Ill consists of a 2-to-l 
multiplexer. If the first module uses a XOR-XNOR circuit, then the H' output is XNORed with the 
C in input to produce the Sum output. The static energy recovery full adder (SERF) [14] belongs to 
this category and uses a XNOR gate for Module-I and Module-II and a pass transistor multiplexer for 
Module- III. 

2.3 Centralized Full Adder 

In this category, the Sum and Carry outputs are generated by the following expression. The general 
form this category is shown in Figure 2(c). 

Sum = H @C in = H. C[ n + //'. C in 

c out =A.H' + C in .H 

Module-I is a XOR-XNOR circuit producing H and //'signals; Module-II and Module-Ill are 2-to-l 
multiplexers with H and H' as select lines. The adder in [8] is an example of this category. It utilizes 
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the XOR-XNOR circuit presented in [7] and proposes a new circuit for output Module-Ill. The 
simultaneous generation of H and H' signal is critical in these types of adders as they drive the select 
lines of the multiplexers in the output stage. In another case (i.e. non simultaneous H and H'), there 
may be glitches and unnecessary power dissipation may occur. The final outputs cannot be generated 
until these intermediate signals are available from Module-I [20]. 

III. Proposed Circuit For Module-1,11 and III 

Hybrid CMOS full adders can be divided into three Modules. Each of the Models consists of XOR or 
XNOR or 2 to 1 multiplexer with selection lines. Module- 1 Consist of XOR or XNOR in all three 
categories; Module-II consists of XOR or XNOR for first two categories and 2 to 1 multiplexer for 
last category and Module -III consists of 2 to 1 multiplexer with selection lines in all three categories. 
Finally it can be said that three types of circuits used to from three categorized full adders. Here we 
will propose three new circuits for Module-I, Module-II and Module-Ill. 

3.1 MODULE-I 

Here we will talk about the proposed XOR and XNOR model. From the previous studies, we have 
found that XOR or XNOR gates based on transmission gate theory has limited transistor with 
enormous drawbacks. The drawbacks are the required complementary inputs and the loss of driving 
capability [14]. In general, if the output signals of a circuit come from V DD or V S s directly, we say this 
circuit has driving capability. If the circuit output will drive other circuits, it does better to cascade a 
canonical CMOS buffer to do so. 

To follow without the loss of generality, all the methods we discuss will focus on the XOR function, 
mainly because the XNOR structure is very similar to XOR structure symmetrically. The skill for the 
XOR function can be applied to the XNOR function without question. 

Based on the inverter configuration theory, two inverters are arranged to design XOR function as well 
as XNOR structure. These types of gates do not need the complementary signal inputs as like before 
and the driving property is better but it still have some defects such as no full driving capability on the 
output and more delay time [9]. 

In recent times simultaneous generation of XOR and XNOR has been widely used for Module-I, II 
[9], [14], [15].This feature is highly desirable as non skewed outputs are generated that are used for 
driving the select lines of the multiplexer inside the full adder. Figure 3(a) shows a configuration 
using only six transistors and is presented in [14]. This circuit has been widely used to build full-adder 
cells [9], [14], [15]. The circuit has a feedback connection between XOR and XNOR function 
eliminating the non-full-swing operation [26]. The existence of V DD and GND connections give good 
driving capability to the circuit and the elimination of direct connections between them avoids the 
short circuit currents component. However, when there is an input transition that leads to the input 
vector AB: XX- 11 or AB: XX-00, there is a delay in switching the feedback transistors. This occurs 
because one of the feedback transistors is switched ON by a weak signal and the other signal is at high 
impedance state. This causes the increase in delay. As the supply voltage is scaled down, this delay 
tends to increase tremendously. This also causes the short circuit current to rise and causes the short 
circuit power dissipation to increase and eventually increase the power-delay product. To reduce this 
problem careful transistor sizing needs to be done to quickly switch the feedback transistors [9]. 
We found another improved version of XOR-XNOR circuit [8], [18], [26] which provides a full- 
swing operation and can operate at low voltages. The circuit is shown in figure 3(b). The first half of 
the circuit utilizes only NMOS pass transistors for the generation of the outputs. The cross-coupled 
PMOS transistors guarantee full-swing operation for all possible input combinations and reduce short- 
circuit power dissipation. The circuit is inherently fast due to the high mobility NMOS transistors and 
the fast differential stage of cross-coupled PMOS transistors. But the main drawback was it showed 
worse output at low voltage but at high voltage it showed completely opposite characteristic [18]. 
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Figure 3: (a) Circuit 1 for XOR-XNOR model (b) circuit 2 for XOR XNOR model (C) Proposed XOR (d) 
proposed XNOR 

We propose a novel XOR-XNOR circuit using six transistors that generates XOR and XNOR outputs 
simultaneously. Figure 3(c) and 3 (d) respectively represent Proposed XOR and XNOR circuit. On 
the 6-transistor design, the new proposed structures require non-complementary inputs and their 
output will be perfect. The initial plan was creating 4-transistor design but it was jeopardized due to 
worse output when both inputs were low for XOR and high for XNOR. Analysis of 4-transistor XOR 
structures, the output signal is the cases of input signal AB= 01, 10, 11 will be complete. When 
AB=00, each PMOS will be on and will pass a poor low signal at the output end. That is, if AB=00 
the output end will display a voltage, threshold voltage, a little higher then low but path driving 
capability exist, due to NMOS being on. Hence though the output is not complete, the driving current 
will increase. For XNOR function, the output in the case of AB= 00, 01, 10 will be complete. While 
AB=11, each NMOS will be on and pass the poor high signal level to the output end. The analysis of 
driving capability is the same as XOR structure. By cascading a standard inverter to the XNOR 
circuit, a new type of 6-transistor XOR is found which will have a driving output, and the signal level 
at the output end will be perfect in all cases. The same property is presented in the 6-transistor XNOR 
structure. The proposed XOR-XNOR circuit was compared to circuits in figure 3(a) and 3(b) based on 
number of transistors, power and delay. In all the criteria our proposed model performs outstandingly. 
The simulation results at 2 V DD and 2V input are shown in Table-I: 

Table 1: Simulation results for the proposed XOR-XNOR Circuit at 50-MHz Frequency and 2V DD 





Circuit [1] 


Circuit [2] 


Propose XOR 


Propose XNOR 


No. of Transistor 


6 


10 


6 


6 


Power (fiW) 


7.524 


8.750 


4.07 


4.07 


Delay (ns) 


0.305 


0.210 


0.108 


0.106 
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3.2 MODULE-II 

Here we will review some of the existing and most frequently used circuits that can be used in the 
different modules of the full adder. From previous studies, we learned about eight different circuits 
[15], [16] which performed best in their available ways with advantages and disadvantages. Among 
eight of them we choose the best two and used the more efficient one for our proposed model. Those 
two circuits are given in figure 4 
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Figure 4: Circuits for Module-II 



Figure 4(a) has transmission-function implementation of XOR and XNOR functions. This circuit does 
not have supply rails thereby eliminating short circuit current. Figure 4(b) is essentially the 
complement and has an inverter to produce Sum. This provides good driving capability due to the 
presence of the static inverter. This circuit is one of the best performers among all the circuits 
mentioned in [8] in terms of signal integrity and average power-delay product [6]. Both the circuits 
avoid the problem of threshold loss and have been widely used in adder implementation [15], [16]. 
We employ this circuit for our full-adder design. 

3.3 MODULE-III 



The expression of Module-III is, 



c out - A.H' + C in .H 



This expression is the output of 2 to 1 multiplexer with H and H' as the select lines. The most 
common implementation of the previous expression is using transmission gates (TG). Figure 5(a) 
shows the circuit for a 2-to-l multiplexer using TG. The main drawback of this multiplexer is that it 
cannot provide the required driving capability to drive cascaded adder stages. One solution to this 
problem is to have an output buffer as shown in Fig. 5 (a). This would incur extra delay and an 
overhead of four transistors. 
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Figure 5: (a) multiplexer using transmission gate (b) Multiplexer based on the static-CMOS logic style (c) 
Multiplexer based on Hybrid-CMOS logic style 

Another possibility is to use the complement of the expression, i.e, 



Cnut — A.H' + C in .H 
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In this case, two inverters will be required to invert the A and C in inputs and one inverter at the 
output. This will result in unbalanced SUM and C out output switching times and extra delay. 
A circuit based on the static-CMOS logic style is presented in [8] [22]. This circuit overcomes the 
problems of the TG multiplexer design. It uses ten transistors and is shown in Fig. 5 (b). This circuit 
possesses all the features of static CMOS logic style such as robustness to voltage scaling and good 
noise margins. 

We propose a hybrid design for Module-Ill. We use the inherently low power consuming TG logic 
style and the robust static-CMOS logic style to create a new hybrid-CMOS circuit. The proposed 
circuit is shown in Fig. 5 (c). The new circuit also utilizes ten transistors and possesses the properties 
of both static-CMOS and TG logic styles. The carry is evaluated using the following logic expression: 

Cout = (A^JycZ^A^ 



A transmission gate preceded by a static inverter is used to implement (A B)C in . H and H' are the 
complementary gate signals to this TG. When H is at logic 1 and H' is at logic 0, this unit propagates 
the C in signal to the output. Two PMOS pull-up transistors in series with two NMOS pull-down 
transistors are used to generate A. B. Complementary A and B signal are not required. When A and B 
are at logic they switch ON both PMOS transistor to generate C out and assign in logic 1. When A 
and B are at logic 1 they switch ON both NMOS transistors to generate C out and assign logic 0. At all 
other times, this section remains OFF. The static inverter at the output produces the desired C out 
output. Table-II shows the results of proposed circuit when compared to the circuit in [15]. 

Table 2: Simulation results for the proposed Module-Ill at 50-MHz Frequency and 2V DD 





Static-CMOS Multiplexer 


Hybrid-CMOS Multiplexer 


No. of Transistor 


10 


10 


Power (fiW) 


1.337 


1.437 


Delay (ns) 


0.1829 


0.1224 



Due to the additional inverter in the proposed design, it consumes slightly more power as compared to 
the circuit in [15]. There is redundant switching at the input since the complement of C in is generated 
even if it is not propagated to the output. This can be avoided by placing the inverter after the TG but 
this causes a problem as charge can leak through the closed TG and cause a reversal of voltage level 
at the output. This tradeoff has to be made but this guarantees excellent signal integrity without any 
glitches. 

IV. Proposed full adders 

As mentioned earlier in Section, the centralized full adders, both XOR and XNOR circuits are present 
(both in module I) that generate the intermediate signals H and//'. These signals are passed on to 
module II and III along with the carry from the previous stage and the other inputs A and B to produce 
and SUM andC 0Ut (for both 1 st and 2 nd category). For the 3 rd category, we use proposed circuits from 
module-I and III and one existing circuit from Module-II. The experiment procedure and the selection 
of our proposed model were very adaptive and symmetrical. Selecting the best circuits from each of 
the module we have created three combinations for three categories and compared it with other three 
combinations using traditional TG 2 to 1 multiplexer. The combinations are compared in terms of 
number of transistor used in circuits, power consumption and delay. Thus we test our proposed 
adder's performance and found it really encouraging. The three categorized adders are shown in 
Figure 7, 8 and 9 respectively. 

In Module-I, the proposed XOR-XNOR circuit requires non-complementary inputs which will show 
perfect output. The analysis of driving capability is the same as XOR structure. By cascading a 
standard inverter to the XNOR circuit, we will have a driving output, and the signal level at the output 
end will be perfect in all cases. The same property is presented in the XNOR structure. Module-II is a 
transmission-function implementation of XNOR function to generate the SUM' followed by an 
inverter to generateSUM. This provides good driving capability to the circuit. Due to the absence of 
supply rails there are no short circuit currents. The circuit is free from the problem of threshold loss 
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amongst all circuits that are used for Module-II [6]. Module -II employs the proposed hybrid-CMOS 
output stage with a static inverter at the output. This circuit has a lower PDP as compared to the other 
existing designs. The static inverter provides good driving capabilities as the inputs are decoupled 
from the output. Due to the low PDP of module II and module III, the new adder is expected to have 
low power consumption. 

V. Result And Discussion 

Using our proposed models we created three categorized designs for hybrid-CMOS adder. First circuit 
based on XOR-XOR based full adder which belongs to first category. Here proposed XOR circuit is 
used as Module-I, II and proposed 2 to 1 multiplexer is used as Module-Ill. Figure 7(a) and 7(b) 
respectively represent the hybrid-CMOS adder (XOR-XOR based full adder) and output C out and 
Sum together. Second circuit based on XNOR-XNOR based full adder of second category where 
proposed XNOR circuit used as Module-I, II and proposed multiplexer used as Module-Ill. Figure 
8(a) and 8(b) represent consecutively the hybrid-CMOS adder (XNOR-XNOR based full adder) and 
outputs of C out and Sum together. The final circuit based on Centralized full adder which belongs to 
our last category. Proposed XOR-XNOR circuit used as Module-I; Proposed transmission-function 
implementation of XOR and XNOR used as Module-II and proposed multiplexer used as Module-Ill. 
Figure 9(a) and 9(b) respectively represents the hybrid-CMOS adder (Centralized full adder) and 
output of C out and Sum together. 



;.:■;■ 























II 












a V{M1:g) 




















C 


i 


















n V(NB4:g} 


























i 


i 
i 


i 


i 


1 


1 


c 

] 


1 


i 


i 
























Zi 


n V(V5:+} 


£,■■■ 




-:.i 


~-T 


:■,- 




:,.- 




1ftjs 



Figure 6: Common input for evaluating all adders 

The performance of these three circuits is evaluated based on their transistor numbers, power 
dissipation and delay. Figure 6 represents the input voltage A, B and C in that used to evaluate all three 
categorized circuits. Based on our result we finally observed that XOR-XOR based hybrid-CMOS full 
adder works more efficiently on the basis of all criteria we have mentioned above. Moreover, we 
have evaluated XOR-XOR based hybrid-CMOS full adder's performances by comparing with all 
conventional full adders. All simulations are performed using PSPICE, HSPICE and MATLAB. 
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Figure 7: (a) XOR-XOR based Hybrid-CMOS full adder (b) C out and Sum 
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Figure 8: (a) XNOR-XNOR based Hybrid-CMOS full adder (b) C out and Sum 

Increase of transistor numbers in chip or digital circuit comes with typical obstacles, even number of 
transistor may have effect on the overall performance of the circuit. Due to this reason, it was one of 
our main concerns for designing the full adder without compromising its performance. Three of our 
proposed designs have twenty four transistors in each and none of them showed any sort of deficiency 
basis on power dissipation and delay. 
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Figure 9: (a) Centralized Hybrid-CMOS full adder (b) C out and Sum 

The average power dissipation is evaluated under different supply voltages and different load 
conditions and is summarized in Figure 10(a) and 10(b) respectively. Among the conventional 
existing full adders, clearly CPL has the highest power dissipation. The adders TGA and TFA always 
dissipate less power than others and this can be shown in the graph. Between the two, TGA dissipates 
lesser power than TFA and the trend continues at low voltages. The degradation in performance of the 
TFA is higher than the TGA as supply voltage is scaled down. Behind, but closely following the two, 
comes the static-CMOS full adder. Under varying output load conditions, the adder without driving 
capability (TGA and TFA) show more degradation as compared to the ones with driving capability 
(CMOS and CPL). This is as expected since the speed degradation of these designs is highest. 




(a) (b) 

Figure 10: (a) Power vs. Supply Voltage for different full adders (b) Power vs. Load for different full adders 

The static-CMOS full adder shows the best performance amongst the conventional full adders under 
varying load. Among the nonconventional or hybrid-CMOS full adders, the proposed hybrid-CMOS 
full adder and NEW-HPSC adder have the least power dissipation. The proposed full adder consumes 
2% lesser power as compared to the NEW-HPSC adder at 2V D d but when the supply voltage is scaled 
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down, NEW-HPSC adder consumes slightly lesser power. The power dissipation of the proposed 
adder is roughly 25% less than the next lowest power consuming adder (TGA). With increasing 
output load, the power dissipation of these adders remains the least as compared to all the considered 
full adders. 

Figure 11(a) and 11(b) respectively represent the delays of full adders at 2V DD and load (5.6-200fF). 
For easy comparison, Table III shows the delay values. From the observation we have learnt that 
amongst the existing conventional full adders, TGA and TFA (the adders without driving capability) 
have the smallest delays. TFA has slightly lower delay than TGA at higher supply voltages but the 
trend reverses at lower supply voltages. The static-CMOS full adder and CPL full adder follow the 
TGA and TFA adders, CMOS steadily remaining ahead of the CPL adder at each supply voltage. For 
varying load conditions, TGA and TFA have the low delay at small loads, but the speed degrades 
significantly at higher loads. Among the existing full adders, CMOS shows the least speed 
degradation followed by the CPL full adder. This shows that under heavy load conditions, adders with 
driving capability perform better than those without it (TGA and TFA). Due to these reasons, we 
compared the proposed hybrid-CMOS adders to the conventional CMOS adders. 
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Figure 11: 

(a) Delay vs. Supply Voltage for different full adders (b) Delay vs. Load for different full adders 

Among the nonconventional or hybrid-CMOS full adders, the proposed hybrid-CMOS full adder 
shows minimum delay at all supply voltages when compared to the CMOS, HPSC, NEW14T, and 
NEW-HPSC full adders. At 2V DD , the proposed adder is 30%, 55%, 88%, and 29% faster than 
CMOS, HPSC, NEW14T and NEW-HPSC full adders, respectively. At lower supply voltages, the 
proposed full adder is the fastest. The delay of the proposed hybrid-CMOS adder is slightly higher 
than TGA and TFA but with increasing load, it displays minimum speed degradation. Overall, when 
compared to all adders, the proposed adder has minimum speed degradation with varying load. 

VI. Future work 

In recent Years several variants of different logic styles have been proposed to implement 1 bit adder 
cells [22] [24]. These papers have also investigated different approaches realizing adders using 
CMOS technology; each has its own pros and cons. By scaling the supply voltage appears to be the 
most well known means to reduce power consumption. However, lowering supply voltage increases 
circuit delay and degrades the drivability of cells designed with certain logic style. One of the most 
important obstacles decreasing supply voltages is the large transistor count and V th loss problem. 
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In this paper, we used Hybrid CMOS logic style to design our proposed circuit. This type of logic 
design provides designer flexibility to work on CMOS area to overall performance of a circuit. 
Different modules give us the opportunity to create new application basis on the requirements. By 
optimizing the area of CMOS in different modules more efficient designs can be found [19] [23]. But 
decreasing area size of different modules brings obstacles that can create a negative impact on the 
overall circuit's performance. So not compromising the negative impact, designer may work on the 
size and number of the transistors as minimal level as possible. Moreover, a slight improvement in the 
area of power dissipation, delay, PDP can create huge impact on the overall performance and that can 
be one of the main concerns for future work. Most of the conventional adders showed lower power 
consumption at low voltage and higher power consumption at high voltage but our proposed model 
overcome that obstacle and showed lower power consumption in every kind of input voltage. As 
different application can be generated using this different modules, designers should take a good look 
at the power consumption at different input voltage. Another important concern for designing circuits 
is delay. Decrease of delay and low input voltage might have an impact on the speed of overall 
circuits. Due to this reason delay is another area where designer can work in future. 

VII. Conclusion 

Hybrid CMOS design style become popular because it provides designer more freedom to work on 
the performance of single CMOS design to overall circuit. Based upon the application designers can 
choose required modules as well as efficient circuit from different modules for the implementation. 
Even by optimizing the transistor sizes of the modules it is possible to reduce the delay of all circuits 
without significantly increasing the power consumption, and transistor sizes can be set to achieve 
minimum PDP. Using the adder categorization and hybrid CMOS design style, many full adders can 
be conceived. As an example, a novel full adder designed using hybrid CMOS design style is 
presented in this paper that evaluated low power dissipation and delay. The proposed hybrid-CMOS 
full adder has better performance than most of the conventional full-adder cells owing to the novels 
design modules proposed in this paper. It performs well with supply voltage scaling and under 
different load conditions. We recommend the use of hybrid-CMOS design style for the design of high 
performance circuits. 
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Abstract 

This study reviews the determinant factors for increased motivation of online course. This 
development in Information and communication technologies (ICT) has leads to major changes in 
learning-teaching environment. However, teacher's enthusiasm, the roles of instructors warm and 
friendliness among teaches and students are one of the most important factors for motivation of online 
course. Students reflections about flexibility are main factors of motivation for online courses 
independence and freedom of learning can create motivation in an online learning environment. 
Relevance of course materials, well-planned and organized class sessions, students' active 
involvement in classroom learning, use of various instructional techniques and illustration with clear 
examples motivate the students. However, communication and collaboration between students are 
important factors as they determine the conduciveness of online learning environment/adaptation to 
technical infrastructure, process of the course and measurement evaluation during online course 
studies. 

KEYWORDS' E-learning, Exam Online, Motivation, Online community 

I. Introduction 

The integration of Information and communication technologies (ICT) as well as the Internet have 
contributed immensely to educational changes with flexible, open and more electronically distributed 
learner-controlled forms of learning (Bossu, Smyth & Stein, 2007). Its widespread and rapid growing 
significance could transform the educational sectors and influences academic performance. E-learning 
created new learning/teaching environments system with pedagogical, technological and 
organizational components focusing on ideal three components to successfully implementation and 
create balance (Jochems, Merrienboer & Koper, 2004; Garrison and Anderson, 2003). unique 
strategies to integrate student populations differs online learning across institutions (Hiltz 1993 & 
Aliva et al. 1997), and national boundaries (Jarvenpaa & Leidner, 1999 and Yoo et al., 2002). 
Motivation among student to activate their respective career goal is the main component of the 
learning environment. Motivation can be as intrinsic and extrinsic however, both form of motivation 
in learning is very important in students' engagement in the learning experiences. Intrinsic motivation 
is refers to individual supportive interest, self -requirement, self-determination, self-regulation as well 
as the autonomy of learning while extrinsic motivation is the external factors that stimulate learners 
such as behaviours of teachers, learning topics, learning-teaching strategies, teaching-learning 
process, interaction among students and teachers. Report on motivational perspectives to understand 
behaviour predict the acceptance of technology. Intrinsic and extrinsic motivation have been found to 
be key drivers of behavioural intention (Vallerand 1997 & Venkatesh 1999). Woldkowski defined 
intrinsic motivation as an evocation, an energy called forth by circumstances that connect with what is 



203 



Vol. 2, Issue 1, pp. 203-209 



International Journal of Advances in Engineering & Technology, Jan 2012. 

©IJAET ISSN: 2231-1963 

culturally significant to the person. Intrinsic motivation isbuilt in learning theories and is used as a 
constructive measure for user perceptions of technologies (Woldkowski 1993 & Venkatesh 2003). 
Extrinsic motivation encourages students to commit themselves to instructional goals and however; 
increases student's achievement earning them reasonable grade or degree. Motivation is a variable 
that affects student's learning. Students in the virtual learning environment need external motivation 
in order to stimulate and to support their participation in virtual learning environment. Deci and Ryan 
(1985) defined extrinsic motivation as the performing of behaviour to achieve a specific reward. From 
student's perspective, extrinsic motivation on learning may include and not limited to higher grade in 
exams, awards as well as in prizes winning. Extrinsic motivation could be seen as a factor that 
influences learning and partly determinant factor to student grade. 

Rovai's (2001) reported the need for learning communities and describe four essential elements of 
classroom community such as spirit, trust, interaction and learning. He stressed that spirit implies the 
creation of group identity couple with the feeling of belonging to a specific group. Trust he added, is 
established when group members give honest feedback to others and expect to receive similar 
feedback. Abundance of research suggests the importance of participant interaction in online learning 
(Arbaugh 2004; Brower 2003; Shea et at. 2004 & Swan 2003). Mutual interaction exists when 
students benefit from each members of the group. Students learn when their respective group shares 
valuable ideas among themselves. However, spirit and trust could pose some definitional and 
operational challenges such that interaction and learning becomes relatively direct. Participating 
strategies increases as learning community recognizes the value of interaction and learning online 
(William Wresch J.B. Arbaugh, & Michael Rebstock 2005). The nature of participant interaction 
influences and partly determines the level of success in online environments. In contrary, little 
attention has been paid to examine the nature of interaction across large sample of participants from 
different online environments. However, this could possibly be as a result of newness of the online 
learning and the previous online settings. 

II. E-Learning Learning 

While building trust, relationships are constrained by the distances that prevent face-to-face meetings 
and complicated by cultural differences. Kim and Bonk's (2002) studied participation variables among 
students in Finland, South Korea, and the US and concluded that the range of responses can be seen in 
students with respect to particular participation practices and culture. The study concludes that 
Finnish students were more likely to compose group email responses, and more likely to post 
summaries of comments. 

It has been reported that American students participated in email discussions more than their Finnish 
peers, a result explained by the authors as Finns tend to keep silent and not to speak too much, 
whereas silence is not habitual with most Americans (Livonen, Parma, Sonnewald & Poole-Kober 
1998). Other study asserted that the interactive learning style typical of current classroom 
conferencing software such as blackboard is most welcomed by peer-oriented learners such as those 
in the U.S. it was found Asian students relies heavily on direction from their teachers, even in an 
online environment Liang & McQueen 1993). However, participation rates for Asian students were 
influenced by faculty involvement, while American students sought regular involvement with respect 
to their peers. These studies confirm that participation behaviours vary with culture and peers. 
Study by Arbaugh et al. (2004) reveals that participation and interaction in distance education formats 
measures student perceptions of interaction as well as participation. Students can however, 
underestimate their actual level of participation. Such estimation need not to be the only source of 
data for participation studies. Online courses could provide archival records of student and instructor 
participation during course period together with track participation by individuals and groups over the 
course. Study on the trends by Andrusyszyn et al. (2000) shows those changes in participation rates 
exist as students grow more accustomed to the technology and task assignments. 

III. E-Learning Community Culture 

Four essential elements of classroom community were described by Rovai (2000) such as spirit, trust, 
interaction, and learning. His observations were supported by the importance of trust relationships 
described by Jarvenpaa et al. (1998), Maznevski et al. (2000) and Leidner (1999). 
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It has been suggested that online relationships may not be as effective as face-to-face meetings 
although there are some evidence that personal relationships may develop over time (Chidambaram 
1996; Desanctis et al.1999 & Jarvenpaa 1999). The development of those relationships is constrained 
further with deadline like end of a course. However, need for efficient communication may take 
precedence over more relational-based communication. Fundamental aspect of virtual team 
effectiveness, the presence of personal relationships among the entire team members seems to be 
more difficult to establish in courses with members that are online. 

E-learning provides configurable infrastructure that integrates learning material, tools, and services 
into a single solution that creates and delivers training or educational content effectively, quickly, and 
economically (Zhang, Zhou, Briggs, & Nun maker 2006). In many studies, comparisons have been 
made between the effectiveness of online learning and face-to-face learning. Russell (1999) made an 
inventory of many of these media comparison studies and concluded that there is no significant 
difference between the average performances of learners in the case of face-to-face learning compared 
to learners exposed to distance learning methods. In addition, Ross and Bell (2007) added that this 
could be dependent on the level of learning found no significant difference in performance at lower 
levels of abstraction among students in the traditional setting when compared to online students, 
students in the traditional setting outperformed online students with respect to higher order learning 
through analysis and synthesizing information. 

Internet-based learning provides opportunities for learners to chosen time and location besides; it 
allows participants to interact with each other with wide range of online resources (Xu & Wang 
2006). Based on the nature of materials and interaction with others, online virtual spaces designed for 
education as well as for training can be either for knowledge construction and group collaboration. 
Knowledge construction encompasses objectivist and constructivist strategy while collaboration is 
grouped as individual or group (Benbunan-Fich & Arbaugh 2006). Collaborative activities allow 
learners greater opportunities for increased social presence and a greater sense of online community 
with positive online course outcomes (Gunawardena & Zittle 1997). 

The combination of knowledge construction with the presence of group collaboration describes four 
possible web-based learning environments transfer individual, group and constructs individual and 
group. Besides, anxiety and uncertainty could be reduced as learners communicate with their 
colleagues (Hiltz et al. 2002). It can be surmised that the participant interaction variables as well as 
performance depends on the nature of the online environment. 

IV. Security in E-Learning 

E-learning delivers examinations via a web browser. However, it is important to secure the browser as 
to prevent student access to the internet, the local file system as well as email. It is important that 
students entering the E-learning system download and run small windows. This will disable system 
keys (e.g., ctrl-alt-del, alt-tab, etc.), installs a keyboard hook to trap browser hot-keys which could be 
used to open new browser windows, launches Internet Explorer in kiosk mode with no address bar, 
toolbars, or buttons visible or available at the E-learning login page. 

After these strategies have been implemented, candidates can navigate and exit the browser by using 
the interface provided by E-learning. Similar strategy is available using commercial secure browsers 
such as Respondus LockDown Browser (Respondus 2007). However; once logged, they will be 
unable to re-login without being provided with additional invigilator password. Therefore, they cannot 
leave the invigilated environment and re-access the examination. 

V. Benefits Associate with Online Learning 

An effective online learning environment promotes interactivity and collaboration in the learning 
process. Assessing students' progress in an online environment improves quality and success in Web 
courses (Hazari et al. 1999). To achieve pedagogical improvements through online learning for 
teaching and promoting learning, instructors should empower themselves through the use of 
assessment tools that monitor student's progress (Hazari et al. 1999). The learner-cantered stratgy 
helps students develop critical thinking skills and allows instructors to assess students' progress (Odin 
1997). 
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Video serves as a sophisticated medium in e-learning because; it is capable of presenting information 
in an attractive manner. Studies by Wieling (2010) revealed the effectiveness of instructional video on 
learning outcomes However, the instructional video used in early studies was primarily either 
broadcasted through TV programs and on CD-ROM. Recent advances in multimedia and 
communication technologies have resulted in improved learning systems through the use of video 
components for instruction. 

Carnegie Mellon University just-in-time lecture project observed that video based education and 
training systems support the same level of teaching and learning effectiveness as face-to-face 
instruction (Zhang et al., 2006). Online video recordings of lectures allow students to view lectures 
they have missed or to re-view difficult lectures to improve understanding. Chiu, Lee, and Yang 
(2006) investigated the viewing behaviour of students in a Chinese grammar course when online post- 
class lecture videos were made available. They divided students in two groups based on their viewing 
activity (top 50% and bottom 50%) and found no difference in course grades between the two groups 
corrected for their GPA. 

Additionally, they found that students had a preference for recordings of their own lectures as 
compared to lectures of a parallel group. 

Ross and Bell (2007) on the other compared the performance of students in a quality management 
course with access to face-to-face lectures as well as the online lecture video recordings to students 
who only had access to the online lecture recordings. Using a regression analysis they found that the 
course score of students in the first group with access to the face-to-face lectures was predicted 
positively by their GPA, negatively by their age, positively by their homework performance and 
negatively by the number of lectures they viewed online. For students who did not have access to the 
face-to-face lectures, the course score was positively predicted by their GPA, negatively by their age, 
positively by their homework performance and positively by the number of lectures they viewed 
online. 

Perceived learning outcome is the observed results in connection with the use of learning tools. 
Perceived learning outcome was measured with performance improvement, grades benefit; and 
meeting learning needs. Previous studies shows that perceived learning outcomes and satisfaction are 
related to changes in the traditional instructor's role in an online learning environment. The recent 
advances in computer networking technologies and the World Wide Web (Web) break the physical 
and temporal barriers of access to education. The online learning environment frees students from the 
constraints of time and place, and it can be made universally available. As online courses improves in 
educational institutions, assessing students' learning in an online environment is one of the challenges 
faced by educators. 

The Exam Online is currently being improved on the basis of the two live pilots, for future work 
however, Inclusion of differentiated mark schemes for individual questions, integrated into the 
marking interface and Offline marking supports personal computers and laptops with later 
synchronisation however; the main system are helpful. Other useful modifications include the 
integration with back end system for outputting results. Integration with a free-text computerized 
marking system provides automatic marking of short answer questions as in Intelligent Assessment 
Technologies (2007). Support for drawing diagrams when answering questions, potentially on-screen 
(Thomas 2004) with options for hand written and paper based submission of calculation steps. In 
addition, simple question and answer measures into the marking process enhances accessibility for 
sight impaired students areas requiring modification. 

VI. Limitations 

The flexibility of asynchronous distance education is valued since students and lecturers need not be 
online at the same moment however, flexibility is advantageous in an international context where time 
zones necessarily distribute student's responses. Research examining time intervals for discussion 
responses could be helpful in this context. Studies by Liang et al. (1999) described cultural differences 
in participation patterns. To account for the differing cultural differences, the learning experience 
should develop model of online learning effectiveness based on course software, learning theories, 
course content, and participant characteristics as well as cultural or institutional characteristics Hiltz 
& Arbaugh 2003). 
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Difficulties with establishing trust relationships online as well as variables cultural components of 
participation behaviours constrain the initiation of international online courses. Online programs 
provide additional international learning opportunities to their students. Macfayden & Hawkes (2002) 
tracked six online international education projects and found general satisfaction with the efforts. 
Troutman (1991) reported that students who feel secure in their own personal use of computers also 
feel positive toward the use of computers in the schools. 

Furst et al. (2004) highlighted that challenges such as personal relationship, adding new members 
restart the team development process which could disrupt the effort expended by the original team 
members to develop a team identity and resolve conflicts early in their development. A number of 
studies of online learning reported that participation patterns in online courses decline as the course 
progresses (Hiltz & Wellman 1997; Berger 1999; and Arbaugh 2000). Active participation through 
the program period requires extensive effort. In addition, it was pointed out that increase in the class 
size makes it more difficult to develop a sense of online community 

While most studies conducted at American institutions show strong relationship between learner and 
instructor, learners interaction and online learning outcomes (Arbaugh 2005), the perceptions and 
expectations of the German students suggest that the role of participant interaction may not be as 
strong in German institutions suggesting that a particular need for multi-national studies of the 
relationship between participant interaction and learning outcomes in online courses (Arbaugh & 
Hiltz 2003). 

Instructors are often challenged with designing online discussion and assignments that encourage 
students to evaluate information, assimilate information as well as making comparisons and 
connections (Odin 1997). An assessment tool that monitors student's progress enhances the learning 
process however; assessment should be a continuous in an online learning environment. I have been 
asserted that an assessment tool must draw the instructor and students into assessment procedures 
(Prime 1998). Miller et al. (1998) added that for assessment to be useful as part of a learning process, 
it must be visible and related to the learning goals with assigned grades or marks for the data collected 
to measure progress. Educational material and online learning has challenged the effectiveness of the 
traditional educational approach in universities and other education institutions. Consequentially, 
these institutions struggle to restructure their strategies in providing education and delivering 
knowledge. There are great expectations surrounding the development and use of online courses 
owing to its versatility, flexibility and personalization potential. A strong supportive program office 
responsible for student advising, faculty support, administrative and financial support, technical 
support, and orientation of new students however, comprehensive guide is essential for online 
learning environment Online students should have access to the learning resources available to on- 
campus students and must also be able to obtain course materials from either their university's online 
bookstore or from Internet booksellers. 

VII. Conclusions 

E-learning electronically support learning and teaching process through computer network that 
enables transfer of skills and knowledge. E-learning system improves learner's knowledge by 
providing on-line access to integrated information, advice, and learning experiences. E-learning 
system has been developed to deliver lectures and summative essay style examinations through 
appropriate setting. The system supports existing examination processes by providing better and more 
comprehensive examination experience for an increasingly digital cohort and supports efficient blind 
marking process. Initial pilots confirmed that the system provides effective and efficient means of 
deploying traditional essay style examinations on-screen and that it as well improves in many ways 
upon the existing paper-based process. The system is expected to undergo further development and 
roll-out as it complexity varies with tradition and cultural. 
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Abstract 

In last several decades silicon- germanium (SiGe) technology has come into the global electronics marketplace. 
Commercial SiGe HBT facilitates transceiver designs and recommends transistor-level performance metrics 
which are competitive with the best III-V technologies (InP or GaAs), while sustaining strict fabrication 
compatibility with high yielding, low-cost, Si CMOS foundry processes on large wafers. This work depicts the 
complete an ample process to model the noise characteristics of a high frequency 0.1 jum SiGe HBT based on a 
direct parameter extraction technique. A modeling and characterization of noise parameters of Silicon- 
Germanium Hetrojunction Bipolar transistor is examined in this issue. Initially, Noise in SiGe Hetrojunction 
Bipolar Transistors is conferred in detail. Later, a linear noisy two-port network and its equivalent circuit 
model are presented for extracting and characterizing the noise parameters, for example, noise resistance (R n ), 
optimum source admittance (G Sop t> B Sop t) and minimum noise figure (NF min ) along with its modeling significance. 
In next step, a novel idea that explains the impact of Ge concentration on these noise parameters is also 
portrayed. The noise characteristics of the SiGe HBTs are advanced to those of III-V semiconductor devices. A 
corroboration of objective validity of the noise modeling scheme and the extraction noise parameter is 
accomplished in the form of Y-, and Z-parameters. These results have been validated using a viable numerical 
device simulator ATLAS from Silvaco International 

Keywords: sice hbt, r w NF min , B Sopt , g Sop , 
I. Introduction 

The multibillion semiconductor industry is rapidly using devices/transistors working in several GHz 
regions and is pushing to demonstrate useful solid-state transistors, and resultant circuits built from 
them, capable of operating near the THz regime. There are two major driving forces for SiGe solid- 
state devices: 1) high frequency communications and radars and 2) various niche THz applications. 
Recent research has focused on expanding THz options from two-terminal devices (e.g., Schottky 
diodes) to three-terminal devices (transistors) for both application areas. In high-frequency 
communications and radars, higher bandwidth transistors are desirable in a number of applications. 
Optical fiber communications require active amplifiers in decision circuits, multiplexers, and phase- 
lock loops operating at 100-GHz clock frequency and above. High current-gain and power-gain cutoff 
frequencies (f T and f max ) are also demanded in microwave, millimeter-wave, and submillimeter wave 
transceiver designs, where progressive improvements in transistor bandwidth enable the evolution of 
communications and radars ICs operating to higher frequencies. One of the key concerns in high 
frequency applications is their noise behavior. Therefore, accurate noise modeling of SiGe HBT is 
required [1]. SiGe HBTs were first demonstrated in the late 1980s [2]. It quickly became accepted in 
the field of wireless communication applications, in the form of wireless transceiver circuits because 
the higher performance than the Si bipolar devices and superior integration level than the III-V 
devices [3] [4] [5]. The low noise capability is one of the chief reasons for the success of the SiGe HBT 
in the field of wireless, RF and optical applications [6] [7] [8] [9]. 
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In past few years, various small-signal SiGe HBT models have been developed using numerous 
parameter extraction methods with the intention of optimizing their frequency response [10]. Since 
these SiGe devices reach the cut-off and maximum oscillation frequencies (f T , f max ) beyond 500 GHz 
(half THz) due to the technology characteristics that's why they are suitable for RF, microwave and 
optical applications. Over and above, SiGe HBTs are competent devices at low-cost due to their 
simple coupling with Si technology, in contrast with other technologies (III-V) that offer higher 
velocities but at higher costs. This is the most important reason why these devices are widely used in 
electronic industries [9][11]. 

The defects and non-idealities in semiconductor devices can be computed perceptively by Low- 
frequency electrical noise. This directly or indirectly impacts the device performance and reliability. 
Thus, it is of major importance to be able to characterize the noise in semiconductor devices. The 
interest in low-frequency noise in electronic devices has been motivated by at least two factors. First 
the theoretical and experimental studies of the noise itself are of major interest. The low-frequency 
noise has a tremendous impact on devices and circuits. It sets the lower limit of detectable signals, and 
it converts to phase noise and thereby reduces the achievable spectral purity in communications 
systems. It is therefore of prime importance to be able to characterize the noise from electronic 
devices. Equally important is the information the noise carries about the microscopically physical 
processes taking place. In electronic devices, noise is caused by the random movement of discrete 
charge carriers, and their interaction with the environment in which they move. Hence, they carry 
useful information about that environment, e.g., the interior of a resistor or other semiconductor 
device [12]. 

Accurate transistor models which describe the high frequency noise behavior of the device are of 
great importance for the low noise circuit design and moreover, a physics-based equivalent circuit 
model on the noise behavior of the device. To determine the large number of unknowns of a HBT 
including the intrinsic elements and the extrinsic capacitances, extraction method based on small- 
signal 7i topology is used. Conventional procedures or methods based on simple bias measurements 
work very well if the extrinsic elements of the HBT have been previously determined. This approach 
may be used through different procedures — DC, cut-off measurements, or optimization. However, it 
is often very difficult to accurately determine the values of parasitic elements of the HBT, since the 
usual DC and cut-off techniques offer poor performance for SiGe HBT devices. In order to avoid this 
drawback, a new technique has been developed which does not require any additional measurements 
except for the scattering (S)-parameters at different biases. Linear models with a n topology have been 
tested to fit the measured S parameters properly. The base resistance, which has a significant impact 
on the high frequency noise characteristics of the transistor, can be obtained in a consistent way, as an 
accurate determination of the outer elements simplifies the equivalent circuit to a conventional model 
[13]. 

In this paper, an accurate noise model of SiGe HBT is presented by estimating the behavior of its 
noise parameters. The noise parameters for instance minimum noise figure (NF min ) noise resistance 
(R n ) and optimum source admittance Y s , op t are calculated for this device having 0.1 jam base width. 
The effect of Ge concentration on these noise parameters is also investigated. Following this 
motivation, in second section, we discuss various low frequency noise-sources in SiGe HBT. In the 
next section we introduce a noise model to extract the various noise parameters such as R n? G Sop b B Sop t 
and NF min for analyzing the performance of SiGe HBT in high frequency regime. In the fourth section, 
we discuss the simulation results based on ATLAS. Finally, in section fifth, we concluded with 
general observations as well as protrusions of this work. 

II. Semiconductor Low-Frequency Noise Sources 

2.1 Thermal Noise 

Inside ohmic device, the charge carriers at temperature T collide with phonons which in turn cause 
Browninan random motion with a kinetic energy proportional to T. This yields open circuit voltage 
fluctuations with zero average value and nonzero rms value. This value is given by [12], 
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- 4hfBR m 

\ e At-1 

where vn is the rms value in Volts, h = 6.63x 10" 34 Js is Planck's constant, k = 1.38xl0" 23 JK-1 is 
Boltzmann's constant, B is the bandwidth of the system in Hz, f is the center frequency of the band in 
Hz and R is the resistance in Ohms. Here we consider only the first two terms of a series expansion of 
the exponential, e hf/kT -l ~ hf/kT. By using the approximation and converting to voltage spectral 
density v 2n /B, we get [12], 

S v = 4kTR (2) 

Hence, the thermal noise is a white noise. In other words, this is a noise with a frequency independent 
spectrum for frequencies up to the validity of the approximation, f < kT/h ~ 6250 GHz at 300 K, or f 
~ l/(27iRC), or f ~ 1/ T co n ~ 10 12 Hz. Here C is the parasitic capacitance parallel to R and x co n the 
mean time between collisions of free charge carriers. Thermal noise is also identified as Nyquist noise 
or Johnson noise. Thermal noise is usually the white noise floor studied at high frequencies for the 
MOSFETs and resistors [12]. 

2.2 Shot Noise 

The corpuscular nature of charge transport causes the shot noise. Walter Schottky discovered shot 
noise in radio tubes in 1918. He developed what has been recognized as Schottky' s theorem. Under 
steady-state conditions, the time-averaged current is constant, while the arrival times of the electrons 
are not equally spaced in a tube. This is due to the electrons when they leave the cathode at random 
times. This leads to fluctuations in the measured current, and, it can be described by simple Poisson 
statistics. It is mandatory that there is a DC current present or there is no shot noise, and thermal noise 
would dominate. Shot noise can be observed in for example Schottky-barriers and in PN-junctions. In 
these places the current results from the random emission of charged particles that are independent 
and discrete. The short circuit current spectral density is given by [12], 

Si = 2ql ^ (3) 

Where q = 1.6 x 10" 19 C and I is the DC-current in Ampere. In PN junctions, the shot noise is white up 
to a frequency given by the reciprocal of the transit time, i.e., as long as the fluctuations are slower 
than the rate of recombination. Shot noise is normally the white noise floor. This is observed for the 
bipolar devices, for example, the HBTs and the lasers [12]. 

2.3 Generation-Recombination Noise 

The fluctuations in the number of free carriers associated with random transitions of charge carriers 
between energy states cause Generation-Recombination (GR) noise. These random transitions of 
charge carriers occur mostly between an energy band and a discrete energy level (trap) in the 
bandgap. For a two terminal sample with resistance R, the spectral densities are depicted as [12], 



S R Sv Sn \AAH 4 Tn 



R 2 V 2 N 2 K l + {27Tf TN f 



(4) 



Where, SV, SR and SN are spectral densities of voltage, resistance and number of carriers, 
respectively. NO = hNi is the average number of free carriers. While x N is the trapping time. The 
resultant is of. The Lorentzian type spectrum is approximately constant below a frequency given by f 

9 

= 1/(2 x N ), and rolls off like 1/ / at the higher frequencies. These noise signatures are found in all the 
device types [12]. 

III. Noise Modeling 

The analytical expression for R n , NF min , B Sop t, G Sop t are advantageous for gaining additional intuitive 
insight into device optimization for noise. This can be accomplished using analytical Y-parameter 
equations. For this purpose a linear noisy two-port network is demonstrated in figurel [10]. In order 
to make such analytical expression practical, the accuracy must be balanced against simplicity of 
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functional form. The power spectral densities of the input noise current ( § . ), the input noise 

voltage ( $ ) and their cross-correlation ( § . * ) are given by [6], 
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Figure 1: a linear noisy two-port network. 
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In further step, we state the Y-parameters in terms of fundamental device parameters, for example |3, 
g m etc. For the purpose of designing the Niu's method is followed. The small-signal equivalent circuit 
in simplified is shown in figure 2 [6]. The base resistance is not important for the input impedance at 
frequencies smaller than f T . Thus it can be ignored for simplicity, even though it is noteworthy as a 
noise voltage generator. 



1 



;B ; fb; ; 

O Vv"- 



<-■ 



\JA 



Cbe 



gm\* 



<a> 



^■ :v > 



Figure 2: Equivalent circuit for the y-parameter derivation used in analytical noise modeling. 
The Y-parameters can be obtained as [6], 



y, 
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+ J«>Ci 



(8) 
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y n = -j(oc bc 
y i2 = jcoCbc 



(9) 
(10) 

(11) 



Where g m = qkT/I c , and Q = C be + C bc . The C be consists of the EB diffusion capacitance Sii. x Ge x , and 
Q> e = ^-te+ g m r with t being the transit time, and any other EB parasitic capacitances. The Q is related 
to f T and C bc is the total CB junction capacitance, through [6], 



fr = 



2xCi 



(12) 



The oscillation frequency is expressed as [12], 



J max 



fl 



ZkCcbRb 



(13) 



The noise resistance can be determined as [6], 



S 1 

Rn-——-r b + - 

4kT 2 s m 



(14) 



This equation indicates that R n is directly proportional to the base resistance. R n also declines with I c 
at lower I c , and then stays constant. 

The optimum source admittance can be expressed as [6], 



r s,opt 



8 m 1 , {a>Ci) (1 



T-RnP 2g m Rn 2g m Rn 



(15) 
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cod 

2g m Rn 



(16) 



In general, the admittance increases with collector current and frequency. In the case when diffusion 
capacitance leads the Q, then B s , op t becomes independent of I c , as Q is proportional to g m . The 
absolute value of B s , op t enhances with frequency. 

The minimum noise figure is obtained as [6], 



^7^ = 1 + -^ + 



lg m Rn . 2Rn{aCi) „ 1 
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- + 
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^g m Rn 



NF min = \ + - + ^2g, 
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\J T J 



(17) 



(18) 



Thus the noise figure NF for two port amplifier with input admittance of Y s can be given as [14], 
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NF=NF mi n + 



— \v -v I 2 

\I S I s,opt\ 

Gs l ' 



(19) 



Where Y s is the source admittance and G s is the real part of Y s . 

IV. Simulation Results & Discussion 

Based on the above physics based model, the values of various noise parameters are calculated for n- 
p-n SiGe HBT (figure 3) and investigated for various different Ge concentrations in this paper. 
Simulation is carried out using ATLAS from SILVACO International. Average Ge concentration in 
the base region considered in our calculations is varied from 8% -25%. Higher to this are not 
supported by present epitaxial technologies and beyond it the improvement associated with Ge seizes 
may be due to lattice constant mismatch [15]. This paper is a next step to our last paper on SiGe HBT 
[15] for high frequency applications. With the intention of getting excellent accord between analytical 
and simulated characteristics, all the important physical effects, for example impact ionization (II) is 
appropriately modeled and accounted for the simulation as well [15]. 

With the purpose of depicting the complete image of the noise performance, a study of the variation 
of the noise parameters depending on frequency is employed in figure 4 and 5. The figure 4 describes 
the dependency and variations of noise parameters (R n , NF min , B Sop t, G Sop t) as a function of frequency. 
Figure 4(a) shows the variation of minimum noise figure NF min as a function of frequency and it can 
be concluded that NF min of SiGe HBT increases with the increase in frequency. This result matches 
with the analytical expression of NF min as in equation (14) which predicts that the NF^ increases 
monotonically with frequency. It was found that at 65 GHz, simulated NF min is only 2.70 dB at 65 
GHz. This is an admirable result. While at cutoff frequency its valve is calculated about 9.82 dB. The 
variation of optimum source admittance Y s , op t as a function of increasing frequencies are described in 
figures 4 (b) and (d). The figure 4(b) depicts that behavior of it real part (G s , op t) with frequency. It is 
found that G s , op t increases with the frequency and its calculated value at cut-off frequency is 0.09 mS. 

Its imaginary part \Bs ,opt\ as a function of frequency is plotted in the figure 4(d) which concluded that 

the imaginary part is also monotonically increases with frequency. At cut-off frequency, its value is 
calculated as 0.012 mS. These results are also matched with the analytical expression of G s , op t and 
B s , op t as in equations (15) and (16). The negative value of imaginary part signifies the requirement of 
an inductor for reactive noise matching. 




Figure3. The cross-section of the simulated SiGe HBT. 
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The figure 4(c) demonstrates that the behavior of noise resistance for a frequency range. From the 
equation (14) it is clear that R n is directly proportional to base resistance (r b ). From figure 4 (c), it is 
concluded that noise resistance R n is weakly depended on frequency. At cut-off frequency, value of R n 
is calculated 0.2Q. This behavior almost fits with its analytical predictions. The following results are 
demonstrated for maximum oscillation frequency 16.8 THz and corresponding cut-off frequency 13.5 
THz[15]. 




Figure 4. Noise parameters versus frequency for SiGe HBT. (a) NF min vs. Frequency Plot (b) G Sop t vs. 
frequency plot (c) Noise Resistance vs. frequency plot (d) mod of B Sopt vs. frequency plot. 
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Figure 5. Noise parameters versus collector current (amp.) for SiGe HBT. (a) NF min vs. collector current plot (b) 
Gsopt vs collector current plot (c) B Sopt vs collector current 

The figure 5 exhibits the variations of above noise parameters as a function of collector current. NF min 
vs. collector current plot is shown in figure 5(a) and it is concluded that the NF min increases 
monotonically with collector current of SiGe HBT. While the admittance parameters G s , op t and 
absolute value of B s , op t are also increases with the increment in the collector current of device as 
shown in figure 5 (b) and 5 (c). These plots of noise parameters vs. frequency and noise parameters 
vs. collector current are figured with the help extracted Y-, Z- parameters from ATLAS [16]. 
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(c) 

Figure 6. Noise parameters versus Ge concentrations (a) Effect of Ge cone, on NF min (b) Effect of Ge cone, on 
G Sop t (c) Effect of Ge cone, on B Sopt 

The effect of germanium concentration over these noise parameters is also investigated in this work. 
Some observations can be made on the basis of the figure 6 which reveals the impact of Ge 
concentration on above noise parameters (R n , NF min , B Sop t, G Sop t)- With this analysis it can be proved 
the values of noise figure NF min is increased with the increment in Ge concentrations as in figure 6(a). 
At 0.2 Ge concentration, admirable NF min with fine value of 4.52 dB is achieved. While figure 6(b) 

and 6(c) display the impact of Ge on optimum source admittance G s , op t and LBs j0/ J • It is concluded 

with the help of these two figures that these optimum source admittance parameters are increased with 
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the increment in Ge concentrations. At cut-off frequency the calculated Noise parameters are summarized in 
the Table- 1 for the noise model of high frequency SiGe HBT. 



Table-1: Summary of Noise parameters of SiGe HBT at cut-off frequency 



Noise Parameters 


Value 


NF min (dB) 


9.82 


Rn/50 (Q) 


0.2 


G s ,opt(niS) 


0.09 


Absolute B Sopt (mS) 


0.012 



Now we will discuss some practical issues of employing this noise model. This model is used for 
observing the noise behavior of transceiver circuits for mobile wireless communication links because 
these applications demand highly sensitive circuits and in these applications, the dynamic range and 
sensitivity of high frequency wireless link depends on HF noise of transistors used in low noise 
amplifiers [17]. Further, this model can be helpful for estimating the noise performance of millimeter 
wave- band pass mass market applications, for instance, wireless HDMI and USB, several GHz 
WLAN and automotive radars [18]. In addition, this proposed model can be useful for approximating 
the noise characterization that cover the realm of 160 Gb/s fiber optic transmission and MMW 
imaging [19]. Overall, these noise parameters are extremely valuable for designing the low-signal RF 
amplifier which results in the high power gain and stable function of the amplifier as well as low 
noise level in wide frequency range. 

V. Conclusion 

In this work, physics based model and its impact on circuit for low-frequency noise in SiGe HBT has 
been discussed. In this paper a comprehensive analysis has been done and noise parameters based on 
equivalent noise model are extracted. It is concluded on the basis of above noise analysis that NFmin 
increases with frequency. An excellent value of simulated NF min i- e - 2.70 dB at 65 GHz is achieved. 

While the Noise Resistance R n is weakly depend on frequency. On the other hand, G Sop t and Ib&^J 

increase with frequency and collector current. A novel analysis is also presented which states that the 

noise figure NF min as well as the optimum source admittance i.e. G Sop t and Lb&^J of SiGe HBT 

increases with the Ge contents. At 0.2 Ge concentration, admirable NF min with fine value of 4.52 dB is 
attained. This model is used for building the low-signal high frequency amplifier. Such viable noise 
model can estimate the noise behavior of several GHz WLAN and automotive radars as well as 
millimeter wave imaging. 
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Abstract 

This study presents dielectric properties of North Indian Ocean seawater. In all, fourteen seawater samples are 
collected from Arabian Sea, Lakshadweep Sea, Tip of Bay of Bengal Sea, deep Indian Ocean and Equatorial 
region. The Von Hippie method is used to measure dielectric properties, both real part s' and imaginary s", at 5 
GHz and 30 °C using automated C-Band microwave bench set up. The dielectric constant s' and dielectric loss 
s" are calculated using least square fitting technique. The salinity measurement of seawater samples are done 
on autosalinometer. Making use of salinity values of all samples and for 5 GHz and 30 °C, static dielectric 
constant and dielectric loss are estimated by Klein-Swift model and Ellison et al. model. Experimental and 
theoretical results are compared. This study emphasizes latitude and longitudinal variations of salinity and 
dielectric properties. The laboratory data obtained are significant for microwave remote sensing applications in 
physical oceanography. 

KEYWORDS* Seawater Permittivity, Salinity, North Indian Ocean, 5 GHz microwave frequency . 

I. Introduction 

Indian Ocean is third largest ocean of the world and has unique geographic setting. The Tropical India 
Ocean (TIO), in particular is significant to oceanographers and meteorologists as it experiences the 
seasonally reversing monsoon winds and is land locked on northern side. Remote sensing [1-2] of 
ocean sea surface salinity, sea surface temperature is important in the areas like seawater circulations, 
climate dynamics, atmosphere modeling, environmental monitoring etc. For microwave remote 
sensing applications over ocean radar and radiometer, precise values of emissivity and reflectivity are 
required. The surface emissivity is a complex function of dielectric constant of surface seawater. This 
complex function is composed of two parts, the real part is known as the dielectric constant (e') and is 
a measure of the ability of a material to be polarized and store energy. The imaginary part (e") is a 
measure of the ability of the material to dissipate stored energy into heat. The two are related by the 
expression: 

£*=£ f -j£" ... 1 

The dielectric constant in turn is governed by electrical conductivity and microwave frequency under 
consideration. The conductivity is governed by salinity and temperature of seawater [3-4]. There are 
variations in salinity and temperature of ocean resulting variation in dielectric properties and hence in 
emissivity at that particular location. These variations follow certain pattern latitude and longitude of 
the location, due to dynamic features of the ocean. 

This work focuses on measurement of dielectric properties of seawater samples at 5 GHz at 30°C. 
The study emphasizes on latitude and longitudinal variations in salinity and dielectric properties. 
Knowing the dielectric constant and dielectric loss, the parameters like emissivity, brightness 
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temperature, scattering coefficient can be interpreted, as they are interdependent. Making use of the 
measured salinity values of all samples, static dielectric constant and dielectric loss are estimated by 
Klein-Swift model [5-6] and Ellison et al. model [7-8] for 5 GHz and 30 °C. The laboratory data 
obtained are significant for interpretation of microwave remote sensing applications, and helps in 
designing active and passive microwave remote sensors. 

II. Material and Methodology 

2.1. Seawater Sampling 

By participating in ORV Sagar Kanya scientific cruise SK-259, organized by NCAOR in May-June 
2009 that is summer monsoon period, seawater samples were collected from Arabian Sea, 
Lakshadweep Sea, Tip of Bay of Bengal Sea, deep Indian Ocean and from equatorial regions of 
Tropical Indian Ocean. Surface seawater at different locations were drawn through bucket 
thermometer and two bottles of the samples were preserved around 4°C by standard procedure. Out of 
two bottles, one of the samples was used to determine the salinity parameter at that location using an 
Autosalinometer 8400B in the laboratory onboard Sagar Kanya vessel and the other sample of the 
same location was brought to the Microwave Research Lab, J.E.S. College, Jalna, Maharashtra for 
dielectric measurement. 

2.2. Temperature and Salinity Measurement 

The bucket thermometer is used to measure the temperature of surface seawater. Salinity 
measurements of seawater samples were done using 8400B AUTOSAL onboard ORV Sagar Kanya 
laboratory. This instrument is semi-portable, semi-automatic and is used in the land based or sea- 
borne laboratory to determine salinity levels of saline seawater samples and standard seawater sample 
by measuring their equivalent conductivity. The instrument reading is displayed in terms of 
conductivity ratio. Inputting the conductivity ratio to the software available in the computer lab, 
salinity value of the sample is calculated. The software calculates salinity using the following 
formula. The equation is based on the definitions and the algorithm of practical salinity formulated 
and adopted by UNESCO/ICES/SCOR/IAPSO Joint Panel on oceanographic tables and standards, 
Sidney, B.C., Canada, 1980 [9-10]. 



S = 



a + a 1 R 15 + a 2 Ri 5 + a 3 R 15 
^ +a 4 R 15 + a 5 R 15 + AS , 



...2 



AS = 



(T - 15) 



(l + 0.0162(T-15)) 



b +bX/ 2 + b 2 R 15 

,3/2 



5/2 



+b 3 R^ + b 4 Ri5 + b5R D 1 / 5 



Where £aj = 35.0000,2 bj = 0.0000, 

For, 2 < S < 42, and for - 2°C < T < 35 °C. 

Table 1 . Values of the coefficients a and b 



H^^K^^^H^H 





0.0080 


0.0005 


1 


-0.1692 


-0.0056 


2 


25.3851 


-0.0066 


3 


14.0941 


-0.0375 


4 


-7.0261 


0.0636 


5 


2.7081 


-0.0144 



2.3. Measurement of Dielectric Properties 

There are several methods of dielectric measurement of liquid [11]. In present work, the dielectric 
properties of seawater samples are measured using Von Hippie Method [12] for which automated C- 
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Band microwave bench , as shown in figure 1, is used. The MW bench consists of a low power 
tunable narrow band VTO-8490 solid-state microwave source; having frequency range of 4.3-5.8 
GHz. Tuning voltage is kept at 7 volts, throughout the experiment, which corresponds 5 GHz 
frequency. The other components of the bench setup are: an isolator, coaxial to waveguide adapter, 
attenuator, SS tuner, slotted line and the liquid dielectric cell. 
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Figure 1. Block diagram of a C-band microwave bench. 



Microwave generated by the VTO propagate through the rectangular waveguide to the liquid cell. A 
desired power level in the line is adjusted with the attenuator. A slotted section with a tunable probe is 
used to measure the power along the slot line. The crystal detector (1N23) in the probe is connected to 
a microammeter and to the PC to read, acquire and store the data. The empty liquid dielectric cell is 
connected at the output end of the bench. The bench is tuned to get symmetrical standing wave pattern 
in the slot line. The positions of minima are noted from the pattern from which wavelength >u g of the 
wave-guide can be calculated. The probe position on the slot line is kept constant at the first minima 
of the standing wave pattern in the slot line. The liquid dielectric cell is then filled with the sample 
under consideration. The plunger of the liquid cell is initially set in a position such that the thickness 
of the liquid column below the plunger is zero. By moving the plunger away from this position, data 
of microwave power is recorded for different plunger positions. The data of plunger positions and the 
corresponding power are acquired and stored in a file which is further used to calculate dielectric 
constant z' and dielectric loss £"using the least square fit program. The parameters a, |3, P , 5 are used 
as the fitting parameters, where a= attenuation factor, ^^propagation constant, P =maximum power, 
and 5= phase factor. The computer program also takes care of calculating error in dielectric constant, 
Ae', and error in dielectric loss, As". 
The dielectric properties of seawater samples can be calculated using the relations 



s = K -o + 



1 f (a 2 - (3 2 ) 



4tt 2 



...4 



and 



8 = 



^a[3 
2tt 2 



where X is the free space wavelength which can be calculated using the formula 
1 _ 1 1 

2 C 

WhereA c = 2a = 2 * 4.73 cm = 9.46 cm, 'a' being the broader side of the C-band rectangular wave- 
guide. 
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III. Results and Discussions 

The Sea Surface Temperature of collected samples is found to be between 27 °C to 30 °C (Table 1.). 
Winds over the North Indian Ocean reverse twice during a year. They blow from the southwest during 
May - September and from the northeast during November - January with the transition-taking place 
during the months in between. Forced by these winds, circulation in the Indian Ocean has a general 
eastward direction during summer (May - September) and westward during winter (November - 
January). During summer, period when seawater samples were collected the monsoon current flows 
eastward as a continuous current from the western Arabian Sea to the Bay of Bengal [13-14]. These 
circulations are shown in Figure 2. 
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Figure 2. Schematic diagram of major surface currents in the TIO during the southwest (summer) monsoon. 
The thickness represents the relative magnitude of the current (adapted from Shenoi et al., 1999a) [15]. 



The Arabian Sea has high salinity (usually in the range 35 to 37) due to excess of evaporation over 
rainfall. In Table 2, the samples S-01 and S-03 are from Arabian Sea and have higher salinity values 
compared to other samples. 

Table 2. The temperature and salinity values of seawater samples. 



Sample 


Latitude 


Longitude 


Temperature 

°C 


Salinity 


S-01 


N 08° 30' 


E75°47' 


30 


35.0238 


S-02 


N 08° 06* 


E78°31' 


27 


34.6434 


S-03 


N 07° 36' 


E76°18' 


30 


35.1564 


S-04 


N 07° 39' 


E78°38* 


27 


34.9782 


S-05 


N06°49' 


E76°52' 


30 


34.7117 


S-06 


N 06° 00* 


E 79° 09' 


27.5 


35.0079 


S-07 


N05°ir 


E 78° 00* 


29 


34.6353 


S-08 


N 05° 12' 


E 79° 39* 


28 


34.5746 


S-09 


N04°33' 


E78°25* 


29 


34.7316 


S-10 


N 04° 25' 


E80°16' 


28 


34.5082 


S-ll 


N 03° 00* 


E81°20* 


27 


34.4115 


S12 


N 02° 46' 


E81°28* 


28.5 


34.3808 


S13 


N01°27' 


E 82° 24' 


28 


34.8350 


S14 


N 00° 37* 


E 82° 40* 


29 


34.9186 
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In contrast, the Bay of Bengal has much lower salinity due to the large influx of fresh water from river 

discharge and high amount of rainfall. The samples S-02 and S-04 although located on similar latitude 

as S-01 and S-03 respectively, differ longitudinal wise and for these Lakshadweep Sea samples, 

drawn at mouth of Bay of Bengal Sea, decrease in salinity is seen. 

The samples S-05, S-07, S-08 are from deep IO and S-06, S-08, S-10, although located on similar 

latitude, differing in longitude, are towards east, and are from border of Bay of Bengal Sea and 

Arabian Sea. The salinity values of these samples are found less than the former ones. 

As we move towards Equator there is slight decrease in salinity in case of the samples S-ll, S-12, but 

near the equatorial regions, S-13, S-14, a sudden slight increase in salinity value is found. This is due 

to high evaporation in low-pressure equatorial regions [16]. 

The dielectric constant 8', dielectric loss e", error in dielectric constant Ae' and error in dielectric loss 

Ae", at 5 GHz, at 30 °C and with varying salinity, latitude and longitude wise in North Indian Ocean 

are given in Table 3. The magnitude of dielectric constant is found to be 66. It is found that dielectric 

constant is decreased with increase in salinity. The dielectric loss values are in range of 53 to 58. 

Table 3. The experimentally measured values of dielectric constant t, dielectric loss e", error in 
dielectric constant Ae' , error in dielectric loss A£"of all seawater samples at 5 GHz. 



Sample 


Latitude 


Longitude 


Salinity 


£' 


£" 


As' 


As" 


S-01 


N 08° 30* 


E75°47' 


35.0238 


66.5285 


53.8442 


6.6474 


2.3641 


S-02 


N 08° 06* 


E78°31' 


34.6434 


66.7812 


53.9340 


7.4309 


2.6384 


S-03 


N 07° 36* 


E76°18' 


35.1564 


66.5103 


56.9364 


6.9828 


2.5926 


S-04 


N 07° 39* 


E78°38' 


34.9782 


66.5876 


53.8652 


7.5291 


2.6767 


S-05 


N06°49' 


E76°52' 


34.7117 


66.7164 


53.9111 


6.9207 


2.4583 


S-06 


N 06° 00* 


E 79° 09' 


35.0079 


66.5675 


56.4844 


7.0274 


2.5917 


S-07 


N05°ll* 


E 78° 00' 


34.6353 


66.8153 


57.7529 


6.6314 


2.4801 


S-08 


N 05° 12* 


E 79° 39' 


34.5746 


66.8288 


53.9509 


7.6745 


2.7241 


S-09 


N04°33' 


E78°25' 


34.7316 


66.7093 


53.9086 


6.9227 


2.9227 


S-10 


N 04° 25* 


E80°16' 


34.5082 


66.8354 


53.9645 


7.8615 


2.7907 


S-ll 


N 03° 00* 


E81°20' 


34.4115 


66.9019 


58.549 


6.4895 


2.4498 


S12 


N 02° 46* 


E81°28' 


34.3808 


66.954 


55.9341 


6.0384 


2.0061 


S13 


N01°27' 


E 82° 24' 


34.8350 


66.6813 


55.7891 


7.2306 


2.6381 


S14 


N 00° 37* 


E 82° 40' 


34.9186 


66.6072 


56.7009 


7.5652 


2.7969 





The values calculated in Tables 4 and 5 are by using Klein and Swift and Ellison et al. models 
respectively. Comparison of measurement results with these respective models shows that real part, 
dielectric constant e' values are well in agreement. However, our experimental loss factor is higher by 
a magnitude of about 20 as compared with the theoretical models. The percentage error in 
measurement in dielectric constant and loss is of the order of 7 and 2 respectively. 

Table 4. The calculated relaxation time, x(ps) , static dielectric constant £ s , dielectric constant e' and dielectric 
loss z" using Klein-Swift Model at 5 GHz. 



Sample 



Latitude 



Longitude 



Salinity 



x(ps) 



S-01 
S-02 
S-03 



N 08 u 30' 
N 08° 06' 



N 07 u 36' 



E 75 u 47' 


35.0238 


69.6620 


7.0859 


66.6042 


34.7258 


E78°31' 


34.6434 


69.7340 


7.0875 


66.6715 


34.5412 


E76°18* 


35.1564 


69.6369 


7.0853 


66.5807 


34.7901 
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S-04 


N 07° 39* 


E78°38' 


34.9782 


69.6707 


7.0861 


66.6123 


34.7037 


S-05 


N06°49' 


E76°52' 


34.7117 


69.7211 


7.0872 


66.6594 


34.5743 


S-06 


N 06° 00* 


E 79° 09* 


35.0079 


69.6650 


7.0859 


66.6068 


34.7187 


S-07 


N05°ll' 


E 78° 00* 


34.6353 


69.7355 


7.0875 


66.6729 


34.5372 


S-08 


N 05° 12' 


E 79° 39' 


34.5746 


69.7469 


7.0877 


66.6836 


34.5077 


S-09 


N04°33' 


E78°25' 


34.7316 


69.7173 


7.0871 


66.6559 


34.584 


S-10 


N 04° 25* 


E80°16' 


34.5082 


69.7595 


7.0880 


66.6953 


34.4755 


S-ll 


N 03° 00* 


E81°20' 


34.4115 


69.7777 


7.0884 


66.7123 


34.4284 


S12 


N 02° 46' 


E81°28' 


34.3808 


69.7835 


7.0885 


66.7177 


34.4135 


S13 


N01°27' 


E 82° 24' 


34.8350 


69.6977 


7.0867 


66.6376 


34.6342 


S14 


N 00° 37* 


E 82° 40* 


34.9186 


69.6819 


7.0863 


66.6228 


34.6747 


Table 5. The calculated relaxation time x(ps) . 


, static dielectric constant £ S! 


, dielectric constant z' and dielectric 


loss z" using 


Ellison et. al. 


model at 5 GHz. 












Sample 


Latitude 


Longitude 


Salinity 


£s 


x(ps) 


£' 


£" 


S-01 


N 08° 30' 


E75°47' 


35.0238 


67.9616 


7.4153 


64.8768 


33.8678 


S-02 


N 08° 06* 


E78°31' 


34.6434 


68.0491 


7.4230 


64.9537 


33.7003 


S-03 


N 07° 36' 


E76°18' 


35.1564 


67.9311 


7.4126 


64.8500 


33.9261 


S-04 


N 07° 39* 


E78°38* 


34.9782 


67.9721 


7.4162 


64.8861 


33.8477 


S-05 


N06°49' 


E76°52* 


34.7117 


68.0334 


7.4216 


64.9399 


33.7304 


S-06 


N 06° 00* 


E 79° 09* 


35.0079 


67.9652 


7.4156 


64.8800 


33.8608 


S-07 


N05°ll' 


E 78° 00* 


34.6353 


68.0510 


7.4232 


64.9554 


33.6967 


S-08 


N 05° 12* 


E 79° 39* 


34.5746 


68.0649 


7.4244 


64.9676 


33.6700 


S-09 


N04°33' 


E78°25' 


34.7316 


68.0288 


7.4212 


64.9359 


33.7391 


S-10 


N 04° 25* 


E80°16' 


34.5082 


68.0802 


7.4258 


64.9811 


33.6408 


S-ll 


N 03° 00' 


E81°20' 


34.4115 


68.1025 


7.4278 


65.0006 


33.5982 


S12 


N 02° 46* 


E81°28* 


34.3808 


68.1095 


7.4284 


65.0068 


33.5847 


S13 


N01°27' 


E 82° 24' 


34.8350 


68.0050 


7.4191 


64.9150 


33.7846 


S14 


N 00° 37* 


E 82° 40* 


34.9186 


67.9858 


7.4174 


64.8981 


33.8214 
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Abstract 

This paper proposes a computer aided decision support system for an automated detection of glaucoma in 
monocular fundus images. Identification of Glaucoma using fundus images involves the measurement of the 
size, shape of the Optic cup and Neuroretinal rim. Optic Cup detection is a challenging task because of the 
interweavement of cup with the blood vessels. A new color model technique based on pallor in fundus images 
using K means clustering is proposed to differentiate between the Optic cup to disc boundary. The method 
differs by initial optic cup region detection followed by the erasure of blood vessels. In addition to the shape 
based features, textural features are extracted to better characterize the pathological subjects. Optimal set of 
features selected by Genetic algorithm are fed as input to Adaptive Neuro fuzzy inference system for 
classification of images into normal, suspect and abnormal categories. The method has been evaluated on 550 
images comprising normal and glaucomatous images. The performance of the proposed technique is compared 
with Neural Network and SVM Classifier in terms of classification accuracy and convergence time. 
Experimental results shows that the features used are clinically significant for the accurate detection of 
glaucoma. 

KEYWORDS' Optic Cup, Clustering, Glaucoma, Genetic Algorithm, Neuroretinal Rim, ANFIS. 

I. Introduction 

Glaucoma the leading cause of blindness and asymptomatic in the early stages and its detection is 
essential to prevent visual damage [1]. About 2% of the population between 40- 50 years old and 8% 
over 70 years old have elevated intraocular pressure (IOP) [2] which increases their risk of significant 
vision loss and blindness. Digital color fundus image has emerged as a preferred imaging modality for 
large scale eye screening programs due to its non-invasive nature. The less expensive fundus images 
are used in the proposed work rather than the expensive techniques such as Optical Coherence 
Tomography (OCT) and Heidelberg Retinal Tomography (HRT). 

Optic Disc detection is an important issue in retinal image analysis as it is a significant landmark 
feature and its diameter is used as a reference for measuring distances and sizes. The optic disc and 
cup were located by identifying the area with the highest average variation in intensity among 
adjacent pixels [3]. Automatic detection of optic disc is performed by region of interest based 
segmentation and modified connected component labelling. Boundary tracing technique was applied 
to detect the exact contour of optic disc. A quantitative analysis is performed on the neuroretinal rim 
area to assess glaucoma. [4]. In this approach, a potential set of pixels belonging to cup region is first 
derived based on the reference color obtained from a manually selected point. Next, an ellipse is fit to 
this set of pixels to estimate the cup boundary. A variant of this method obtains the cup pixels via 
thresholding of the green color plane [5]. To handle large inter-image intensity variations that arise 
due to complex imaging, additional information such as small vessel bends ('kinks') which 



227 | 



Vol. 2, Issue 1, pp. 227-240 



International Journal of Advances in Engineering & Technology, Jan 2012. 

©IJAET ISSN: 2231-1963 

anatomically mark the cup boundary have been used in [6]. A Deformable model was presented for 
the detection of Optic Disc and cup boundaries. The method improves snake model and is robust to 
edges and ill defined edges [7]. Optic disc is detected using local image information around each point 
of interest in a multi dimensional feature space. Optic cup is detected by making use of the vessel 
bends at the cup boundary. Bends in a vessel are detected using a region of support concept and a 
multistage strategy followed by a local spline fitting to find the desired cup boundary. The method 
captures OD boundary in a unified manner for both normal and challenging cases without imposing 
any shape constraint on the segmentation result. Segmentation results shows consistency in handling 
geometric and photometric variations found across the dataset [8]. 

A deformable model guided by regional statistics is used to detect the OD boundary. Cup boundary 
detection scheme is based on Lab color space and the expected cup symmetry. This method uses 
sector wise information and give rise to fewer false positives and hence better specificity. Error value 
computed is less for a normal image than for a glaucomatous image [9]. Optic disc and cup are 
extracted in order to determine cup to disc ratio. Optic disc is extracted using a variational level set 
method and the detected contour is uneven due to influence of blood vessels. Detection of cup 
boundary was performed using intensity and threshold level set approach. Thresholding techniques 
produced better results for both high and low risk retinal images. An ellipse fitting is used to 
smoothen the boundary [10, 11]. 

Cup to disc ratio was measured using a vertical profile on the optic disc on the blue channel of the 
color image to diagnose glaucoma. Sensitivity of 80% and a Specificity of 85% [12] were achieved 
using vertical CDR measurement for seventy nine images. An algorithm to detect glaucoma using 
mathematical morphology was developed using fundus images. Developed Neural network system 
identified glaucoma automatically with a sensitivity of 100% and specificity of 80% [13]. A 
framework for the detection of glaucoma based on the changes in the optic nerve head using 
orthogonal decomposition method was used in [14]. The changes in the optic nerve head were 
quantified using image correspondence measures namely LI norm, L2 norm, correlation and image 
Euclidean distance. A novel cup segmentation method based on support vector clustering algorithm 
[15] is described for the purpose of supporting glaucoma diagnosing in ophthalmology. 30 geometric 
features were computed on the extracted cup region and the technique achieved 94.5% sensitivity and 
97.5% specificity when trained with SVM classifier.3D images are generally not available at primary 
care centres due to their high cost. Therefore a solution built around these imaging equipments is not 
appropriate for large scale screening program. An automated classifier is developed based on adaptive 
neuro-fuzzy inference system (ANFIS) to differentiate between normal and glaucomatous eyes from 
the quantitative assessment of summary data reports of the Stratus optical coherence tomography 
(OCT) images. With stratus OCT parameters as input a good discrimination was achieved between the 
eyes [16]. A novel method [17] is proposed to detect glaucoma using a combination of texture and 
higher order spectral features from fundus images. Features extracted have a low p value and are 
clinically significant. An accuracy of more than 91% is obtained with a random forest classifier 
combined with z score normalization and feature selection methods. 

Most of the works related to Glaucoma detection based on fundus images concentrate only on the Cup 
to Disc Ratio (CDR). CDR was found to be inconsistent sometimes to detect Glaucoma since the 
patients may have severe visual loss with a small CDR as in Figure 1 and vice versa. Cup/disc ratio 
staging system does not account for disc size and that focal narrowing of the neuroretinal rim present 
between the optic disc and optic cup is not adequately highlighted. So a method has been proposed to 
accurately detect Glaucoma based on CDR, Neuroretinal rim area to find the rim loss and textural 
features in order to detect pathological subjects correctly. 

"""-v. ""\ ^ Optic disc 

J! 

Neuro retinal rim 
Optic cup 

Figure 1. Optic nerve drawings with identical cup/disc ratios but with unequal rim width 
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Organization of the paper is as follows. Section 3 describes the proposed method for Optic cup 
detection, feature extraction from Intrapapillary and Peripapillary regions, selection of optimal 
features by genetic algorithm and the classifier used. Section 4 presents the experimental results and 
performance analysis of the proposed method. Finally the paper concludes in section 5. 

II. Materials Used 

Fundus images used in this work are captured by Topcon TRC50 EX mydriatic fundus camera with a 
50° field of view at Aravind Eye hospital, Madurai. The image size is 1900x1600 pixels at 24 bits true 
color image. Doctors in the ophthalmic department of the hospital approved the images for the 
research purpose. 

III. Proposed Method 

An efficient segmentation of optic disc and optic cup is essential to get a better localization of 
Neuroretinal rim area to diagnose various stages of glaucoma. As glaucoma progresses, the optic cup 
becomes larger and hence the cup to disc ratio is higher. Further the blood collects along the 
individual nerve fiber that radiate outwards from the nerve [17]. Such physiological changes are 
manifested in the fundus images and the experiments shows that the cup to disc ratio and texture 
features are able to quantify such difference in eye physiology. 



Input Image 



Pre-processing 



OD Segmentation 
OC Segmentation 



Intrapapillary information 



Texture analysis 



Feature selection 



glaucoma 



True 




Classifier 



normal 





false / 


1 


r 




y 


r 


Suspect 




Suspect 




Figure 2. Flowchart of the proposed method 



3.1 Pre-processing 



The flowchart of the proposed work is shown in Figure 2. RGB color retinal images are pre-processed 
using anisotropic diffusion filter in order to remove noise. The advantage of anisotropic diffusion [18] 
is that there is no need to know about the noise pattern or power spectrum previously and also it will 
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provide better contrast while removing the noise. The filter iteratively uses diffusion equation in 
combination with information about the edges to preserve edges. 
The equation for anisotropic diffusion is defined as: 

Idiv(c(*x,y,t)VI)=c(x,y,t)VI) +Vc .VI (1) 

where div is the divergence operator,V is a gradient operator, c is the conduction coefficient function 
Anisotropic diffusion filtering introduces a partial edge detection step into the filtering process so as 
to encourage intra-region smoothing and preserve the inter-region edge. Anisotropic diffusion is a 
scale space, adaptive technique which iteratively smoothes the images as the time t increases. The 
time t is considered as the scale level and the original image is at the level 0. When the scale 
increases, the images become more blurred and contain more general information. 

3.2 Detection of optic cup 

Optic disc is detected using region of interest based segmentation and the bounding rectangle 
enclosing the region of interest is set as 1.5 times the disc width parameter. In this paper a new 
approach for the segmentation of Optic cup is proposed. The proposed method shown in Figure 3 is 
aimed to detect the optic cup exactly to calculate the Neuroretinal rim area present between the disc 
and cup. Unlike most of the previous methods in the literature, proposed method differs by initial 
optic cup region detection followed by the erasure of blood vessels to get a higher accuracy. 




Figure 3. Systematic Representation of the color model 

The optic cup and disc areas usually differ in color, known as pallor. This method makes use of this 
difference in pallor to delineate the cup-disc boundary. Observations on the retinal images show that 
the actual cup pallor differs between different patients and even between images of the same retina 
due to changes in the lighting conditions. So the prior knowledge of color intensity of the optic cup 
cannot be fixed. 



Input Image 



Optic Disc Masking 



K-Means Clustering 



Centroid Color Mapping 



Cup Color Identifying 



Cup Boundary Extraction 



Morphological Operations 



llipse Fitting 



Figure 4. Flow Diagram of the proposed method 
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Optic cup is detected using the technique proposed in Figure 4. In order to detect the optic cup region 
from the surrounding region, color space analysis, a segmentation algorithm based on histogram 
analysis and k means clustering followed by morphological operations has been developed. Since 
color space transformation plays a significant role in image processing, this step incorporates color 
information into the segmentation process, where the original RGB image is transformed to different 
color spaces and it has been found that L*a*b* space consists of a luminosity layer 'L*', chromaticity- 
layer 'a*' indicating where color falls along the red-green axis, and chromaticity-layer 'b*' indicating 
where the color falls along the blue-yellow axis. All the color information is in the 'a*' and 'b*' layers. 
Optic cup is obtained clearly in this color space when compared with the other color spaces as shown 
in Figure [5]. These spaces serve as feature vectors for k means clustering. Color difference is 
measured using Euclidean distance metric. 






Figure 5. Color space conversion 
In the proposed color model for the detection of optic cup, Optic disc consists of regions viz Optic 
cup, Interior Optic Disc, Exterior Optic Disc and Blood vessels. So the number of clusters is selected 
as four (K=4) manually using domain knowledge. Since the CIE L*a*b* feature space is three 
dimensional, each bin in the color histogram has N d -1 neighbors where N is the total number of bins 
and d is the number of dimensions of the feature space. N is experimented for various values like 5, 
10, 15 and the value of N is chosen as 10 by trial and error method and d is 3. Then the 3D colour 
Histogram is computed. The technique uses histogram information of 3 ID color components to find 
the number of valid classes. Disc is masked with a radius equal to greater than the size of the optic 
Disc. The masked image is fed to the clustering process in order to group the pixel values into 
regions. Number of clusters for k means clustering is determined automatically using Hill Climbing 
technique [19]. Peaks are identified by comparing the pixels with the neighboring bins and the number 
of peaks obtained indicates the value of K, and the values of these bins form the initial seeds. The 
initial seeds for the algorithm was selected from local maximum of the 3D color histogram of the CIE 
L*a*b color space. These formed seeds are then passed to K mean clustering. K-Means is an 
unsupervised clustering algorithm [20] that classifies the input data points into multiple classes based 
on their inherent distance from each other. The algorithm assumes that the data features form a vector 
space and tries to find natural clustering in them. K Means Clustering process is explained in the steps 
below 

1. Number of clusters k is taken as four. Lower value of k leads to an increase in the cup size. Higher 
value results in the predominance of blood vessels. An incorrect value of k gives a sub optimal 
result. 

2. Initialize cluster centres |il... |Lik .Choose k data points and set cluster centres to these points and 
make them as initial centroids. The data points are grouped into k clusters such that similar items 
are grouped together in the same cluster 

3. For each data point, nearest centroid is found and the data point is assigned to the cluster associated 
with the nearest centroid. Centroid is the mean of the points in the cluster. 

4. Update the centroid of each cluster based on the items in that cluster. The new centroid will be the 
mean of all points in the cluster. 
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For a given cluster assignment C of the data points, cluster means m k is computed as in equation 2. 



i:C(i)=k t 1 jyr 



(2) 



For a current set of cluster means, each observation is assigned as in equation 3. 



C(i) = arg minp. - m k | 

l<k<K 



i = l...,N 



(3) 



The centroid is taken and data is mapped to the closest one, using the absolute distance between them. 
5. The above two steps are iterated until convergence and when there are no new re-assignments it is 
stopped. 

K-means minimizes within-cluster point scatter shown in equation 4 

^c)4ii iih-*X=i"*iik-' B *f (4) 

^ k=\ C(i)=k C{j)=k k=\ C(i)=k 

where x u . . . , x n are data points or vectors or observations 

m k is the mean vector of the k th cluster 

N k is the number of observations in k th cluster 

C(i) denotes cluster number for the i th observation. 

K-Means clustering groups the pixels within the Optic disc into the above mentioned four regions. 

Each cluster has a centroid. Then each region is filled with the corresponding region's centroid color. 

From these 4 regions, the region corresponding to optic cup can be easily identified by its centroid 

color. Each pixel within a cluster is then replaced by the corresponding cluster centre color. The 

brightest centroid color corresponds to the optic cup shown in Figure 6. Thus an initial boundary of 

optic cup is obtained. Pixels that are not classified are assigned to the closest cluster based on a 

weighted similarity measure between the clusters on the centre and the pixel in the image. L a* b* 

color space and k means clustering is more suitable to detect optic cup for normal and pathological 

subjects and exhibits a high Rand Index and lower Variation of Information ( Vol ), Global 

Consistency measure (GCM) and Boundary displacement (BDE) when compared with the other color 

spaces. 





a bed 

Figure 6. a. Input Image b. clustered outputs for N =5 c. N=10 d. N=15 

Boundary of the cup can be obtained using the equation by first eroding the image by the structuring 
element B and then performing the set difference between A and the eroded image. 



P (A) =A-(A@B) 



(5) 



The impact of blood vessel region within the cup is removed by morphological operations. This is 
performed by a dilation followed by erosion operation in the region of interest. A circular window of 
maximal vessel width as radius is used for dilation and erosion. A 3x3 structuring element is used in 
this work. Mathematically the functions are expressed using equations 6 and 7. 

Dilation of the image A by B 
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A®B = {P€Z2:P = a + b, a€A andb€B } (6) 

Erosion is defined by 

A@B = {P€Z2:P+b€Z for every b€B} (7) 

This step helps to reject outliers inside or outside the cup region and helps to get approximate cup 
region. Ellipse Fitting Algorithm based on least squares fitting algorithm is used to smooth the cup 
boundary. The modified optic cup boundary obtained is then fitted with ellipse as in Figure 7. Few 
sample results for diverse images are shown in Figure 8 for optic cup boundary extraction and 
Neuroretinal rim area. 

3.3 Feature Extraction 

Transformation of images into its set of features is known as feature extraction. Features used in this 
work are based on intrapapillary and peripapillary information from the retinal images. Interpapillary 
parameters refers to the features extracted from optic disc and optic cup. Cup to disc ratio (CDR) and 
neuro retinal rim area to disc diameter are extracted from the segmented optic disc and optic cup. 
CDR was calculated by taking the ratio between the diameter of the Optic cup and disc in the vertical 
direction. CDR > 0.3 indicates glaucoma and CDR < 0.3 is considered as normal. In glaucoma, 
structural changes in optic nerve head precede the functional changes. The conventional cup-disc ratio 
does not measure the actual rim loss which has a more diagnostic value in glaucoma. Neuroretinal rim 
tissue indirectly indicates the presence and progression of glaucomatous damage and it is related to 
the disc size. Neuro retinal rim area is calculated by subtracting the area of the optic cup from area of 
optic disc. Normally the rim is widest in the inferior temporal sector followed by the superior 
temporal sector, the nasal and the temporal horizontal sector. So Rim to Disc ratio used to estimate the 
width of the neuroretinal rim is considered as an important feature in the diagnosis of glaucoma. 
Texture analysis is performed in order to better characterize the abnormal images .Image diagnosis is 
based on the texture of the segmented portion of the image compared to that of the standard retinal 
texture image values. Texture extraction is the process of quantifying the texture patterns within a 
specified neighbourhood of size M by N pixels around a pixel of interest. Features are chosen in order 
to allow the discrimination between healthy and pathological subjects. The textural properties are 
derived by using first-order statistics and second-order statistics computed from spatial gray-level co- 
occurrence matrices (GLCM). GLCM is a second order measure as it includes the relationship 
between the neighbourhood pixels. For an image of size m x n, a second order statistical textural 
analysis is performed by constructing GLCM [21]. The data is normalized and contains feature vectors 
computed around each pixel. The normalized feature vector contains altogether 12 features computed 
over the window size of 'n x n' pixel matrix. Texture analysis is used to estimate the peri papillary 
information. Normal, suspect and abnormal classes are represented using relevant and significant 
features to classify the input images. In order to avoid the problem of dimensionality, it is desirable to 
have a smaller feature set. Twelve features are used in this work among which two are extracted from 
the segmented optic disc and cup region and 10 are extracted from the texture analysis. Features used 
are cup to disc ratio, rim to disc ratio, mean, standard deviation, skewness, kurtosis, contrast, 
correlation, inverse difference moment, variance, energy and entropy. 

3.4 Feature selection 

Feature selection refers to the problem of dimensionality reduction of data which consists of large 
number of features initially. The objective is to choose optimal subsets of features from the image. 
The sequential forward floating selection (SFFS) algorithm [22] and Genetic algorithm was 
experimented individually to find the best feature set for classification. The algorithm employs a 
"plus 1, take away r" strategy. Features are added sequentially to an initially empty feature set but, at 
every iteration features are also removed if that improves performance. In this way "nested" groups 
of good features can be found. 

Genetic algorithm was used to select the most significant features [23] characterizing the shape of the 
disc and cup region. Since Genetic algorithms are relatively insensitive to noise, they seem to be an 
excellent choice for the basis of a more robust feature selection strategy to improve the performance 
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of classification system. In this work, each of the twelve features are represented by a chromosome 
(string of bits) with 12 genes (bits) corresponding to the number of features. An initial random 
population of chromosomes is formed to initiate the genetic optimization. A suitable fitness function 
is estimated for each individual. The fittest individuals are selected and the crossover and the mutation 
operations are performed to generate the new population. This process continues for a particular 
number of generations and finally the fittest chromosome is calculated based on the fitness function. 
Features with a bit value "1" are accepted and the features with the bit value of "0" are rejected. 
Feature set selected from Genetic algorithm provides significant six features namely cup to disc 
ratio, rim to disc ratio, skewness, contrast, correlation and inverse difference moment. In addition to 
the six features selected by Genetic Algorithm kurtosis is another parameter selected by SFFS 
algorithm. Each of the features is normalized between to 1 and the weighted features are used for 
training and testing of instances. 

3.5 Adaptive Neuro-Fuzzy Inference System as Classifier (ANFIS) 

Adaptive Neuro Fuzzy Inference Systems combines the learning capabilities of neural networks with 
the approximate reasoning of fuzzy inference algorithms. ANFIS uses a hybrid learning algorithm to 
identify the membership function parameters of Sugeno type fuzzy inference systems. The aim is to 
develop ANFIS-based learning models to classify normal and abnormal images from fundus image to 
detect glaucoma. An adaptive neural network is a network structure consisting of five layers and a 
number of nodes connected through directional links. The first layer executes a fuzzification process, 
second layer executes the fuzzy AND of the antecedent part of the fuzzy rules, the third layer 
normalizes the fuzzy membership functions, the fourth layer executes the consequent part of the fuzzy 
rules and finally the last layer computes the output of the fuzzy system by summing up the outputs of 
the fourth layer [24]. Each node is characterized by a node function with fixed or adjustable 
parameters. Learning or training phase of a Neural network is a process to determine parameter values 
to sufficiently fit the training data. Based on this observation, a hybrid-learning rule is employed here, 
which combines the gradient descent and the least-squares method to find a feasible set of antecedent 
and consequent parameters. 

In order to obtain a set of rules and avoid the problems inherent in grid partitioning based clustering 
techniques, subtractive clustering is applied. This technique is employed since it allowed a scatter 
input-output space partitioning .The subtractive clustering is one-pass algorithm for estimating the 
number of clusters and the cluster centres through the training data. Parameters used for clustering are 
shown in Table 1. 

Table 1. Parameters used for clustering 



Range of influence 


0.5 


Squash factor 


1.25 


Accept ratio 


0.5 


Reject Ratio 


0.15 



IV. Experimental Results 



# • • 



a b c d e f 

Figure 7. Steps in the detection of optic cup: a. Input image b. Mask image c. Color model d. Initial cup 

boundary e. Image smoothing f. Ellipse fitting. 
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(a) 



» - « * 



(b) 



« •* • 



(c) 

Figure 8. Few sample results a) Input Images b) Cup boundary for the corresponding inputs c) Neuroretinal 
Rim area present between the disc and cup area shown in arrow mark 

V. Performance Analysis 

A) Optic cup detection 

i) To assess the area overlap between the computed region and ground truth of the optic cup pixel 
wise precision and recall vales are computed 



Precision = 



Recall = 



TP 

TP+FP 
TP 
TP+FN 



(7) 
(8) 



where TP is the number of True positives, FP is the number of false positive and FN is the number of 
false negative pixels. 

ii) Another method of evaluating the performance is using F Score given by 

Precision. Recall 
F = 2 * 



Precision + Recall (9) 

Value of F score lies between 0-1 and score will be high for an accurate method. Average F score for 
thresholdind and component analysis are compared and listed in Table 2. 

Table 2. F score for cup segmentation 



Images 


Threshold 


Component 
analysis 


Proposed 
approach 


1 


0.67 


0.72 


0.89 


2 


0.69 


0.70 


0.86 


3 


0.66 


0.67 


0.81 
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4 


0.63 


0.73 


0.86 


5 


0.54 


0.60 


0.78 


6 


0.71 


0.79 


0.90 


7 


0.73 


0.78 


0.90 


8 


0.67 


0.71 


0.86 


9 


0.68 


0.72 


0.85 


10 


0.64 


0.76 


0.87 



B) Performance analysis of the proposed technique 

In the proposed system, six features are selected and hence the number of input variables is six. A 
sample of fuzzy if then rules is framed for fundus images classification. In a fundus image, Fuzzy if 
then rules form the input for the ANFIS architecture. ANFIS is initialized with 100 iterations and 
0.001 step size value for parameter adaptation. Dataset used for fundus image classification is shown 
in Table 3. A 10 fold cross validation of data is used in the proposed work. From the available dataset, 
data is split into setl and testing set. Next, setl is further divided into training and validation set. Then 
the classifier is trained using training set and tested on validation set. The process is repeated by 
selecting various combinations of training and validation set. The classifier which gives best 
performance is then selected and used to get performance in the testing set. 

Table 3.Dataset for Fundus Image Classification 



Images 


Training 
Data 


Test 
Data 


No of 
Images/Class 


Normal 


50 


130 


180 


Suspect 


50 


120 


170 


Abnormal 


50 


150 


200 


Total 


150 


400 


550 



In this work 150 images are used for training and 400images for testing. 150 images, 50 from each of 
the class for training and 400 images (130 normal, 120 suspect and 150 abnormal) for testing were 
used for classification. The schematic of the ANFIS structure obtained for the proposed system is 
shown in Figure9. 




Figure9. ANFIS Structure for the proposed technique 

Number of nodes used in the architecture is 79. 35 linear parameters and 60 nonlinear parameters are 
generated with 5 fuzzy rules. Root Mean square error is 0.022 when testing the data against the FIS 
structure. Classification accuracy is the ratio of the total number of correctly classified images to the 
total number of misclassified images. Table 4 shows the performance measure of the classifiers. 

Table ^Classification accuracy results of the classifier 



Images 


No of 

test 

images 


ANFIS 


Back 


CCI 


MI 


CA(%) 


CCI 


MI 


CA(%) 


Normal 


130 


127 


3 


97.6 


125 


5 


96.1 


Suspect 


120 


119 


1 


99.1 


117 


3 


97.7 


Abnormal 


150 


149 


1 


99.3 


147 


3 


98 
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CCI = Correctly Classified Images, MI = Misclassified Images, CA = Classification Accuracy 

Performance of each classifier is measured in terms of sensitivity, specificity, and accuracy. 
Sensitivity is a measure that determines the probability of results that are true positive such that the 
person has glaucoma. Specificity is a measure that determines the true negatives that the person is not 
affected by glaucoma. Accuracy is a measure that determines the results that are accurately classified. 
The same dataset is used for neural network based Back propagation classifier. MATLAB (version 
7.0) is used for implementation of the work. Comparative analysis performed between the classifiers 
based on correctly classified images, is shown in Table 5. Comparative performance of the classifier 
using the optimal feature subset selection is shown in Figure 10. 

Table 5. Performance measure of the classifiers 



Classifier 


Specificity(%) 


Sensitivity(%) 


Accuracy(%) 


ANFIS 


97.6 


99.2 


98.7 


BACKPROPAGATION 


96.1 


97.7 


97.25 



With Performance evaluation classification by means of Area under receiving operating 
characteristics (ROC), Classification with optimal feature selection achieves 0.99 A z , 0.0437standard 
error and 0.7427 computation seconds for ANFIS and 0.93 A z with 0.0123 standard error for Back 
propagation. Classification without optimal feature selection has 0.91 A z with 0.01405 standard error 
and 4.16 seconds for computation. Convergence time and RMSE of ANFIS is very less compared to 
Back Propagation Neural Network. ANFIS gives a good classification performance when compared 
to back propagation in terms of convergence time and Root mean square error. 




Figure 10. Comparative performance of the classifier 

Impact of individual features on the detection of Glaucoma is given in Table 6. Textural 
features when with the shape characteristics namely rim to disc ratio and cup to disc ratio 
there was a good improvement in the accuracy. Graph showing the performance evaluation 
are shown in Figure 1 1. 

Table 6. Performance analysis of the features 



Features 


Sensitivity(%) 


Specificity(%) 


Accuracy(%) 


Cup to Disc Ratio 


93.5 


95.3 


94 


Rim to Disc area 


97 


96.1 


96.8 


First order texture 


92.5 


89.2 


91.5 


Second order texture 


95.1 


90.7 


93.7 


CDR. RDR, 

selective textural features 


99.2 


97.6 


98.7 
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Figure 11. Performance measure of individual features. 



VI. Conclusion 

K Means clustering used in the proposed work focuses on the pallor information at each pixel thereby 
enabling rapid clustering and achieves a very good accuracy in detecting the optic cup. It is simple 
and easy to implement an unsupervised method rather than a supervised approach. Hill climbing 
technique and k means clustering provides a promising step for the accurate detection of optic cup 
boundary. Vertical CDR or superior or inferior rim area parameters may be more specific in identifying 
the neuroretinal rim loss along the optic disc compared to an overall cup-to-disc diameter ratio. Textural 
features are considered in this work in order to effectively detect glaucoma for the pathological subjects. A 
hybrid method involving textural features along with CDR, Neuroretinal Rim area calculation 
provides an efficient means to detect glaucoma. ANFIS achieves good classification accuracy with a 
smaller convergence time compared to Neural network classifiers. Performance of the proposed 
approach is comparable to human medical experts in detecting glaucoma. Proposed system combines 
feature extraction techniques with segmentation techniques for the diagnosis of the image as normal 
and abnormal. The method of considering the neuroretinal rim width for a given disc diameter with 
the textural features can be used as an additional feature for distinguishing between normal and 
glaucoma or glaucoma suspects .Progressive loss of neuroretinal rim tissue gives an accurate result to 
detect early stage of glaucoma with a high sensitivity and specificity. The proposed system can be 
integrated with the existing ophthalmologic tests, and clinical assessments in addition to other risk 
factors according to a determined clinical procedure and can be used in local health camps for 
effective screening. 
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Abstract 

Micro-cantilever arrays with different dimensions are fabricated by micromachining technique onto silicon <1 
0> substrate. These sputtered Gold-Coated micro -cantilevers were later surface functionalized. Scanning 
Electron Microscopy, Atomic Force Microscopy and Optical SWLI using LASER probe are employed to 
characterize the morphology and image measurement of the micro -cantilever arrays, respectively. Compared 
with conventional AFM and SPM measurement technique, the proposed method has demonstrated sufficient 
flexibility and reliability. The experimental results have been analyzed and presented in this paper for MEMS 
Micro -cantilevers. The scanning White Light Interferometry based two point high resolution optical method is 
presented for characterizing Micro -cantilevers and other MEMS micro -structures. The repeatable error and the 
repeatable precision produced in the proposed image measurement method is nanometre confirmable. In this 
piece of work, we investigate the micro -structure fabrication and image measurement of Length, Width and 
Step-Height of micro -cantilever arrays fabricated using bulk micromachining technique onto Silicon <100> 
substrate. 

KEYWORDS' Scanning Electron Microscopy; Atomic Force Microscopy; Micro-cantilever; Optics; Image 
Measurement; Silicon (100), Scanning White Light Interferometry. 

I. Introduction 

Step height measurement is required in many fields including semiconductors, micro-circuitry and 
printing. Small steps are often measured using a profilometer, calculating the least-squares straight 
line through the data, and then identifying the areas above and below this as being step and substrate. 
The step height is calculated using a least-square fit to the equation: Z = aX + b + h V where a, b, h 
are unknowns and V takes the value of +1 in the higher regions and -1 in the lower regions. The 
unknowns a and b represent the slope and intercept of the line. The step height is calculated as twice 
the value of the third unknown, h. This approach is fine for samples where the flatness of the step and 
substrate both are good. 

Accurate measurement of dimensions of microstructures using optical method has received much 
attention because of their potential advantages over conventional AFM/SPM techniques. [1] A 
common method to fabricate the micro-cantilevers is to pattern the deposited continuous film using 
bulk or surface micromachining technique. [12] However, these methods are demonstrated perfect only 
for sub-micron micro-cantilever arrays. As the micro-cantilever size decreases to nanometres, 
interesting behaviour may be expected. In particular, reduced micro-cantilever size results in change 
of domain structure [2] and will affect the characterization of the micro-cantilever. One of the other 
methods to fabricate the nanometres micro-cantilever array is laser micromachining the deposited 
material onto a silicon substrate. C2 ' 3] Until now, the conventional image measurement technique for 
planar micro-structural properties of micro-cantilever on silicon <100> substrates have been studied. 
[6] However, the applicability of optical methods for microstructure arrays is established. In this piece 
of work, we investigate the micro-structure fabrication and image measurement of Length, Width and 
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Step-Height of micro-cantilever arrays fabricated using bulk micromachining technique onto Silicon 
<100> substrate. 

II. The Method 

Small steps are often measured using a profilometer, calculating the least-squares straight line through 
the data, and then identifying the areas above and below this as being step and substrate. The step 
height as depicted in figure 1 is calculated using a least-square fit to the equation: Z = aX + b + h V 
where a, b, h are unknowns and Y takes the value of +1 in the higher regions and -1 in the lower 
regions. 




Figure 1. Three-dimensional profile of a 500-mirometer standard step height obtained from scanning white-light 
interferogram. The repeatability of the measurement is 10 nm. 

The unknowns a and b represent the slope and intercept of the line. The step height is calculated as 
twice the value of the third unknown, h. This approach is fine for samples where the flatness of the 
step and substrate both are good. 

We use optical method for precision measurements using interferometry. The ideal way to analyze 
complex interference data electronically is to acquire a high density of data points per interference 
fringe to capture all the detail of the interference signal. There are, however, practical limits to the 
amount of data that can be stored, processed, and displayed. This is particularly true of scanning 
white-light interferometry (SWLI) for surface topography measurement. These instruments use 
broadband sources together with mechanical translation of the object or reference surface to measure 
large discontinuous surface features. Typically, a SWLI instrument acquires three to five intensity 
values per interference fringe per pixel and process millions of data values to generate a single three- 
dimensional image. The volume of data involved means that 500 micrometers of depth range can 
require several minutes just for data acquisition. A piezoelectric actuator (PZT) is used to translate the 
object in a direction parallel to the optical axis of the interferometer over an interval of several tens of 
micrometers. The resulting interference pattern for a single pixel resembles the data simulation. The 
traditional way of measuring surface topography with such a system is to calculate the fringe contrast 
as a function of scan position and then relate the point of maximum contrast to a surface height for 
each pixel in the image. There are several ways to calculate the fringe contrast for this purpose, 
including measuring the maximum and minimum intensity values, by standard phase-shift 
interferometry formulas or digital filtering. These fringe-contrast techniques have in common a high 
density of image frames over the range of PZT translation. 

The proposed method uses the fundamental physical concept of frequency domain processing of 
interferograms is that a complex interference pattern may be considered the incoherent superposition 
of several simple single-frequency interference patterns. Each of these single-frequency patterns may 
be represented by the simple formula, 

7 = l + cos(0) (1) 

Where, 



242 | 



Vol. 2, Issue 1, pp. 241-248 



International Journal of Advances in Engineering & Technology, Jan 2012. 

©IJAET ISSN: 2231-1963 

= k-Z (2) 

Here k is the angular wave number and the distance Z is the phase-velocity optical path difference in 
the interferometer. For simplicity we assume a perfectly compensated and intensity-balanced 
interferometer. From Eq. (2) it is clear that 



. d(J>y 



'dk 



(3) 



Hence one way to measure distances is to calculate the rate of change of phase with spatial frequency. 
To calculate this rate of change, we need phase values § over a range Ak of frequencies centered 
around a mean frequency ko. 

A simple linear fit to the phase data provides the rate of change d(])/dk and the mean phase § \ This 
information can be used to calculate the distance in either one of two ways. The rate of change of 
phase can be used alone to calculate distance with Eq. (3). Alternatively, this preliminary calculation 
can be used to remove the 2n ambiguity in the mean phase (JV, which may then be used in an inverted 
form of Eq. (2) for high-precision measurements. 

The Laser probe is used to select the points of interest on the device structure. The Measurement of 
Length and Width is relatively simple because the two-points placed shall be in-plane. However, for 
the measurement of Step-Height, the two-points shall not be in-plane. So, we fix one point (Maximum 
Z) using the marker and the other point can be placed where the height need to be measured 
(Minimum Z) as shown in Figure 2. 






Ad 



Step I-Fix Maximum Z 



Step IE-Place probe at any other point 



Figure 2. Proposed Two-point optical Method for Etch-Depth Measurement 

The difference between Maximum Z and Minimum Z of the markers (Ad) shall give the Step-Height. 
The film Step-Height (Ad) is directly proportional to Wavelength of the Laser Light and is inversely 
proportional to twice the refractive index of the film being etched. Thus, the change in film Step- 
Height, using this proposed method, is measured with the relation (4), 



Z = Ad = A/2-rj 



(4) 



Where, X is the wavelength of the laser light and r| is refractive index of the etched layer. 

III. Experimental 

Two procedures were used to fabricate micro-cantilever arrays. Firstly, Silicon<100> substrates were 
deposited by silicon-di-oxide using a thermal oxidization procedure as described previously. [4] The 
oxide deposition rate was about 1.5 nm/min and the gas flow rate of 18 seem. After the oxidization 
and Patterning, the residual Silicon was removed by an anisotropic etchant. [5] Secondly, micro- 
cantilever arrays were deposited by RF magnetron sputtering from a gold target at room temperature. 
The sputtering chamber was firstly pumped down to 180 milli Torr. Then, the deposition of Chrome 
was carried out under Ar atmosphere with about 180 milli Torr and the gas flow rate of 18 seem. 
During the deposition process, the continuous film of gold was also deposited onto a silicon substrate 
under the same condition for the convenience of measuring the film thickness. 
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The sputtered chrome-gold layer has affinity with thiophenol molecules. [7] Considering this fact, we 
have dip-coated the piezo-resistive micro cantilevers with 1 micromole thio-phenol in ethanol solution 
for 3 Hrs. and then, rinsed with ethanol, for 2 minutes. The surface becomes functionalized. 
The surface morphology of the micro-cantilever arrays was investigated by the scanning electron 
microscopy (SEM, JEOL 2000). The grazing incidence LASER diffraction (GILD), which avoids the 
effect of substrate to the pattern, was used to study the image measurement of the microstructure. The 
mechanical properties at the temperature 300 K were measured by Atomic Force Microscopy. 

Image measurement of significant parameters of surface functionalized micro machined micro 
cantilevers such as Length Width and Step- Height were obtained using SEEBREZ® optical multi- 
sensing system with laser probe and Taylor-Hobson's Form Talysurf® 3-D surface profiler machine 
with 3-D Telemap Gold 3-D profile software. The Coni-spherical Stylus with the base radius of 2 
micrometers was used for the contact-mode measurements. 

The co-ordinate measurements were done with SEEBREZ® optical multi-sensing system with laser 
probe. This system has an auto focus facility. After the sample was prepared for measurements, the 
origin of the wafer co-ordinates was put relatively. Then Maximum z-coordinate was fixed with a 
laser-beam marker. The Measurement of Length and Width is relatively simple because the two- 
points placed shall be in-plane. However, for the measurement of Step-Height, the two-points shall 
not be in-plane. So, we fix one point (Maximum Z) using the marker and the other point can be placed 
where the height need to be measured (Minimum Z). The difference between Maximum Z and 
Minimum Z of the markers (Ad) shall give the Step-Height. The change in the film Step-Height (Ad) 
is directly proportional to Wavelength of the Laser Light and is inversely proportional to twice the 
refractive index of the film being etched. Thus, the change in film Step- Height, using this proposed 
method, is measured with the relation (5), 

Z = Ad = A/2-7] (5) 

Where, X is the wavelength of the laser light and r| is refractive index of the etched layer. We have 
measured Length, Width and Step- Height using the proposed method, which is relatively easy and 
accurate. The x, y and z co-ordinates of any part of the structure is measured accurately. 

IV. Results And Discussion 

Figure 2 shows the proposed two-point-high-resolution and accurate optical method for image 
measurement of the micro-cantilever array. Figure 3 shows the SEM picture of the micro-cantilever 
array with a thickness of 500 nm. 




Figure 3. Scanning Electron Microscopy Micrograph of Micro cantilever on silicon<l > surface. 
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The micro-cantilever has a wider parameter distribution, which the mean parameters deviation is 
approximately 10 nm. Further analysis of SEM shows that there is some etch-product reminiscent at 
the bottom of the trapezoidal etch-pit. However the side-walls of the etch-pit are smooth. Figure 4 
shows the Atomic Force Microscopy of the sample. It shows that the film with micro-cantilevers is 
free standing in a trapezoidal micro-cavity. Further analysis shows that the crystallite size distributes 
in the range of 5-10 nm, calculated with the Scherrer formula. 




Figure 4. Atomic Force Microscopy Micrograph of Surface Functionalized Micro-cantilever on silicon<l > 

surface 

To get the etch-depth information, the micro machined sample was kept on the base of a Taylor- 
Hobson's- Form Talysurf® 3-D surface profiler machine. The Coni-spherical Stylus was reset to 
original position after deciding the frame of x-y travel. The machine starts building etch-profile 
slowly as the coni-spherical stylus moves over the sample. Three-Dimensional Profile generated using 
Taylor Hobson's Talysurf Profiler machine of the sample are shown in Fig. 5, with the contact mode 
using coni-spherical stylus moving parallel to the film plane. 




Figure 5. 3-D Surface Profiles (Silhouettes) of Micro cantilever. 
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The image generated using the stylus based profilometry is in conformity with the Scanning Electron 
Microscopy. Figure 6 and Figure 7 depicts the width and length measurement with SEEBREZ 
machine with high accuracy and repeatable precision. 




i 



Figure 6. Width measurement of Micro cantilever. 




Cursor 1 


Cursor 2 


X = 0.0715 mm 


X = 0.157 mm 


Y = 0.507 mm 


Y = 0.507 mm 


Z = 1 3.6 urn 


Z = 1 6.3 |am 


Horizontal distance 


0.0848 mm 


Height difference 


2.72 |jm 


Oblique distance 


0.0848 mm 



Figure 7. Length measurement of Micro cantilever. 
A two-dimensional profile to recover the depth information is depicted in Figure ! 
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Figure 8. Etch-profile of Micro cantilever. 
Table 1 depicts the designed and measured dimensions using the proposed method. 

Table 1: Dimensions of Micro cantilever: Designed and Measured Using proposed Method 





Micro-Cantilever 


Sr.No. 


Dimensions 


Designed 


Measured after micro-machining 


1 


Length 


200 micrometers 


184 ±0.01 Micrometers 


2 


Width 


60 micrometers 


50+0.01 Micrometers 


3 


Step-height 


200 Nanometres 


180+0.01 Nanometres 



V. Conclusion 

In summary, Micro-cantilevers array have successfully been fabricated on silicon <100> substrate 
using bulk micromachining technique, deposited with a chrome-gold layer using the RF magnetron 
sputtering method. These Micro-cantilever arrays were surface functionalized using 1 micro-mole 
Thio phenol in ethanol solution for 3 Hours, after rinsing with ethanol solution for 2 minutes. The 
Micro cantilever Surface become functionalized for mass sensing. The Length, Width and Step-height 
measurement of micro-cantilever is obtained with the proposed high-resolution and accurate two- 
point optical non-contact method. 

Etch profile is very important in assessing the etch-uniformity, side-wall smoothness and etch-depth. 
Etch-profile also infers the shape, the slope and the etch-depth of the micro cavity, in which the micro 
cantilevers are free-standing. It is obvious, from the inspection of etch-profile of the trapezoidal micro 
cavity, that the side-walls of this anisotropically etched trapezoidal micro cavity are smooth, since the 
profile is not jagged. However, the bottom of the anisotropically etched micro cavity is not smooth, 
since the profile line is jagged containing hills and dales where surface tension in the inks or paints 
causes either a rounding or dimpling of the "step", and the stresses caused by the curing process can 
cause distortion in the substrate. The curvature of the substrate might well be sufficient to prevent the 
use of the simple least-squares line fit. The step and substrate areas are then treated as line segments, 
allowing the curvature of the substrate to be removed, resulting in a straight-line representation of the 
substrate. The step heights are calculated from this line in the areas adjacent to each step. 
The inspection of Etch-profile and Scanning Electron Micrograph confirm that the side-walls are 
smooth and at the bottom of the trapezoidal micro-cavity there is some etch product reminiscent. With 
this substantial conclusion, we propose a high-resolution accurate method for exact measurement of 



247 | 



Vol. 2, Issue 1, pp. 241-248 



International Journal of Advances in Engineering & Technology, Jan 2012. 

©IJAET ISSN: 2231-1963 

Length, Width and Etch-Depth of the micro-machined micro-cantilever. Further, this method can be 
extended for the measurement of significant parameters of other out-of-the-plane MEMS structures. 
The principal disadvantage with use of under sampled data is of course a reduced signal-to-noise ratio 
not only because fewer data are acquired but also because of aliasing of noise at higher frequencies 
than the sample rate. However, this reduction in signal-to-noise ratio may in many circumstances be 
offset by the ability to average several scans during a shorter period and with less computer storage 
than is required by conventional methods. The rapid scans also reduce the sensitivity of the instrument 
to certain environmental effects, such as mechanical drift due to temperature and vibration. 
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Abstract 

In this paper an experimental investigation on the performance of surface ignition ceramic heater four stroke 
CI engine fueled with pure diesel(BODIOOEO) and ethanol-diesel blends containing 10%, 20%, 25% and 30% 
by volume of ethanol are evaluated, n-butanol (B) additive is used to solubility of ethanol(E) in diesel(D), 
that acts as a bridging agent through molecular compatibility and bonding to produce a homogeneous 
blend.The ethanol - dieselfuel affects blend stability, viscosity, lubricity, corrosiveness and safety. The tests are 
carried out on 10HP ceramic heater surface ignition single cylinder diesel engine under steady state 
operating conditions. The engine is run at various speeds of 1250rpm andl500 rpm.The relevant parameters 
such as brake thermal efficiency (BTE), brake specific fuel consumption (BSFC) and emisions are calculated for 
pure diesel and ethanol-diesel blends by B5D85E10, B5D75E20, B5D70E25and B5D65E30.The Partially 
Stabilized Zirconia(PSZ) ceramic heater is used to reduce the emissions by 220 ppm ofNOx, under half load for 
the blends ofB5D85E10 gives minimum CO emissions and unburned HC emissions by 24 ppm from the engine 
and improve engine output behavior to 2%. 

KEYWORDS' ethanol,n-butanol,emissions, ceramic heater. 

I. Introduction 

Ethanol is one of the possible fuel for diesel replacement in CI engines[l]. It can be made from raw 
materials such as sugarcane, sorghum, corn, barley, cassava, sugar beets etc. A biomassbased 
renewable fuel, ethanol has cleaner burning characteristics, and a high octane rating. The application 
of ethanol as a supplementary compression-ignition fuel may reduce environmental pollution, 
strengthen agricultural economy, create job opportunities, reduce diesel fuel requirements and thus 
contribute in conserving a major commercial energy source[2]. 

A surface ignition ceramic heater[3] CI engine is able to operate at higher temperature enabling 
combustion of fuel at complete resulting to increase combustion efficiency. This should increase 
engine performance, decrease fuel consumption and reduce pollution[4]. Ceramic heater provides 
instant heat within seconds of turning, which helps save fuel and reduce emissions. It is mounted 
through the engine head, that heats up and warms air moved over its surface, due to its inherent self- 
regulating characteristics. Ceramic heater for diesel combustion would represent a simple low cost 
and easy approach in diesel engine performance [5]. 

In the C.I engines a premixed fuel air vapor is drawn in during the suction stroke, a single high intense 
spark passes across the electrode, producing a core of flame from which the combustion spreads to the 
envelope of mixture surrounding it at a fast rate. The above two methods evidently show that the fuel 
properties of the first method will not be suitable for the second, and hence if we need to have an 
engine with multi fuel capability, the nature of combustion should be very different from the above 
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methods. This is where the concept of surface ignition comes into active consideration. Surface 
ignition indicates the beginning of combustion from a hot surface. It will be interesting to know that 
almost all fuels exhibit this property to varying degrees, the alcohols being highly susceptible to this 
kind of combustion [8]. 

II. Experimental Work 

A different speeds stationary four stroke surface ignition[8] ceramic heater[9] CI engine is selected 
for the experiment. The major specifications of the engine are given in Table land properties of fuel 
used are given in Table 2. The engine is connected with dynamometer, air stabilizing tank, diesel and 
ethanol blends consumption measuring device , exhaust gas analyzer etc [6]. A ceramic heater is fixed 
inside the cylinder and connected by 12 volt DC battery to heating combustion chamber.Diesel fuel 
and ethanol-diesel blends with additive by B0D100E0, B5D85E10, B5D75E20, B5D70E25 and 
B5D65E30 are tested. The ethanol and additive is obtained from the local market. The engine is run 
on no-load condition and its speeds are adjusted to 1250 rpm and 1500 rpm by adjusting the screw 
provided with the fuel injector pump. The engine is run to gain uniform speed after which it is 
gradually loaded. The experiments are conducted at six power levels for each load condition. The 
engine is run for at least 7 minutes after which data is collected. The experiment is repeated 5 times 
and the average value is taken. The observations are made during the test for the determination of 
various engine parameters like Brake specific fuel consumption, Brake thermal efficiency and exhaust 
emissions[7]. 

Heat transfer affects engine performance, efficiency, and emissions. The mass of fuel within the 
cylinder, higher heat transfer to the combustion chamber walls, will lower the average combustion 
gas temperature and pressure, and reduce the work per cycle transferred to the piston. Thus specific 
power and efficiency are affected by the magnitude of engine heat transfer [8]. Advances in 
engine technology by introducing ceramic heater increase the engine output efficiency and reduce the 
emission parameters [10]. 

In ceramic heater C.I engine an injection pressure and rate of injection can also offset the adverse 
effect of ceramic heater as shown in Figure 1. In this new system, decrease in pre mix of 
combustion due to decrease in ignition delay increases the Brake Specific Fuel Consumption (BSFC). 
Partially Stabilized Zirconia(PSZ) Ceramic Heater is fitted inside the cylinder, because of its very 
high fracture toughness among ceramics, it has one of the highest maximum service temperatures 
(2000°C) among all of the ceramics and it retains some of its mechanical strength close to its 
melting point (2750°C). PSZ ceramic heater is used in diesel engine because of two very notable 
properties: one is high temperature capability and other is low thermal conductivity. None of the 
other ceramics possess a thermal conductivity as low as the zirconia. This means that engine using 
zirconia ceramic heater would retain much of the heat generated in the combustion chamber instead 
of loosing it to the surroundings [9]. 



Table 1 Tested engine specifications 


Engine type 


4- stroke single cylinder engine 


Make 


Kirloskar 


Power 


10.0KW 


Bore x Stroke(mm) 


102x110 


Cubic Capacity(cc) 


898 


Compression ration 


18:1 


Colling system 


Water cooled 


Lubrication system 


Force feed 


Attachment 


Ceramic heater(12 V,DC) 
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Table 2 Properties of blending stocks 



Properties 


Diesel 


Ethanol 


n-Butanol 


Boiling point (°C) 


180 


78 


117 


Flash point (°C) 


65 


10 


35 


Density, g/ml at 20°C 


0.829 


0.789 


0.81 


Oxygenate (Wt%) 


0.84 


35 


7.5 


Carbonate (Wt%) 


- 


52 


25 


Hydrogen (wt%) 


87 


13 


74 


Viscosity,CS at 40°C 


13 


1.2 


10.3 


Cetane number 


48 


6 


40 



Figure 1 shows the experimental set up of the work. A dynamometer is used for measuring the power 
of the engine output. Exhaust gas analyzer is used for measuring the emissions of CO, HC and NOx 
from the engine.A fuel consumption meter is used for measuring the break specific fuel consumption 
of the engine, also Data Acquisition System(DAS) is used to calculate all required out put parameters. 



Fuel Tank 



PC- 



Data 

Acquisition 

System 



Fuel 

Measuring 

Device 




1 . Flywheel 

2. Dynamometer 

3. R.P.M. Measuring device 

4. Air stabilizing tank 



Figure 1 Experimental Setup 

5. Digital air flow meter 

6. Air filter 

7. Ceramic heater 
8. Injector 



III. Results and Discussions 

The experimental tests were carried out on the surface ignition ceramic heater four stroke CI engine 
using pure diesel and ethanol- diesel blends with n-butanol additive at different speeds. The relevant 
parameters such as engine torque and fuel consumption of the engine were recorded and the brake 
specific fuel consumption, brake thermal efficiency were also calculated at 1250 rpm and 1500 rpm. 
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The engine emissions of CO, unburned HC and NOx were analyzed using the exhaust gas analyzer. 
The results were obtained by data acquisition system and are shown as follows. The ratio of ethanol- 
diesel blends gives various fuel consumption according to the percentage of ethanol present in the 
diesel fuel. If more ethanol is added with diesel, gives more fuel consumption. 
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Figure 2 BSFC of the engine for 1250rpm 
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Figure 3 BSFC of the engine for 1500 rpm 

Figures 2 and 3 show the BSFC of the engine. When the engine runs at 1250 rpm on different engine 
loads, for the blends of B5D65E30, the BSFC is increased by 4% for the blends of B5D85E10 
BSFC is decreased by 1.2% for maximum engine load and the blends of B5D75E20 BSFC is average 
by 2.5% up and down. The results show the trends of the increase of fuel consumption with the 
increase percentage of ethanol in the blends. 

When the engine runs at 1500 rpm , for the blends of B5D65E30, the BSFC is increased at all engine 
load conditions.The blends B5D70E25 give 3.25% less BSFC next to pure diesel fuel. However, 
BSFC is high at minimum power for all fuel ratios. This increase of fuel consumption is due to the 
lower heating value of ethanol than that of pure diesel[4]. 
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Figure 4 BTE of the engine for 1250 rpm 

Figures 4 and 5 show the results of the break thermal efficiency(BTE) of the engine.When the engine 
runs at the speed of 1250 rpm for the blends of B5D70E25 the BTE is increased by 2.5%, and at 
average load BTE is increased for the blends of B5D65E30 by 3.4%. These results show the 
difference of the break thermal efficiencies between the blends and diesel are relatively small at 
1500rpm.When the engine runs at the speed of 1500 rpm the break thermal efficiency is increased for 
the blends of B5D75E20 and B5D70E25 by 5% at high load and 2.5% at low load.The exhaust 
emissions are measured in terms of Corbon Monoxide (CO),Hydrocarbons(HC) and Oxides of 
Nitrogen (NOx) emissions. The results for diesel fuel as well as ethanol-diesel blends are given 
below. The oxygen content of the blended fuels would help to increase the oxygen to fuel ratio in the 
fuel at rich regions. The resulting more complete combustion leads to reduction of CO in the exhaust. 
If the percentage of ethanol in the blends increased, NOx emission is reduced. This is because of the 
air-fuel ratio in the case of ethanol-diesel blends, is lower as compared to diesel alone. The latent 
heat of vaporization of ethanol lowers at same temperature resulting in lower NOx emissions[7]. 
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Figure 5 BTE of the engine for 1500 rpm 
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Figure 6 CO emissions for 1250 rpm 
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Figure 7 CO emissions for 1500 rpm 

Figures 6 and 7 show the CO emissions of the engine. The CO emissions from the engine fuelled by 
the blends are higher than those fuelled by pure diesel at minimum loads. The higher percentage of 
the ethanol gives more CO emissions upto half load. For higher engine loads which are above half 
load , the CO emissions became lower than that fuelled by diesel for all the blends for all speeds by 
0.01% to 0.07%. Upto half load the varition of CO emissions between pure diesel and B5D85E10 is 
only 0.05% for the speed of 1500rpm. At average load CO emission is same for 1500rpm and 0.01% 
to 0.02% different for 1250rpm. The percentage of ethanol in the blends increased the percentage of 
CO emission reduced. The emission reduced with the use of 10%, 20%, 25% and 30% ethanol-diesel 
blends as compared to diesel alone. This is due to the concept that ethanol has less carbon than diesel. 
The same fuel dispersion pattern as for diesel, the oxygen content of the blended fuels would help to 
increase the oxygen in fuel ratio in the fuel rich regions. This results in more complete combustion 
which leads to reduced CO in the exhaust smoke by ceramic heater engine. 

The reduction of CO emissions at full load is due to the more complete combustion. The phenomenon 
is due to the oxygen element contained in ethanol. When the engine working above its half load, the 
temperature in the cylinder is high, which makes the chemical reaction of fuel with oxygen easier 
and the combustion becomes more complete for two different speeds. 

The level of unburned hydro carbons (HC) in exhaust gases is generally specified in terms of the total 
hydro carbon concentration expressed in parts per million(ppm) carbon atoms. 
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Figure 8 HC emissions for 1250rpm 
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Figure 9 HC emissions for 1500rpm 

Figures 8 and 9 show the HC emissions of the engine. More percentage of ethanol gives more HC 
emissions for all speeds. For the blends of B5D85E10 the HC is reduced by 5 tolOppm from pure 
diesel atl250rpm and 7 to 12.5ppm at 1500rpm. This is due to the high temperature in the ceramic 
heater engine cylinder to make the fuel be easier to react with oxygen when the engine runs on 
the top load and high speed. Figure 9 shows that the results of unburned HC emissions from the 
engine for the blended fuels are all higher when the engine runs at the speed of 1500rpm. 




Figure 10 NOx emissions for 1250rpm 
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Figure 11 NOx emissions for 1500rpm 

Figures 10 and 11 show the NOx emissions of the engine. When the engine runs at the speed of 1250 
rpm NOx emission is minimum for pure diesel and more forl500rpm. The NOx emission is more for 
the blends of B5D85E10 at 1500rpm by 20%. The blends B5D70E25 give average NOx for all 
working conditions. The NOx emissions from the enigne are higher than those of diesel. NOx 
emissions are increased for all blends and speeds when the load is incerased. For low load NOx is 
minimum due to the fuel air mixture with spread in composition about stoichiometric burns.During 
the mixing controlled combustion phase the burning mixture is likely to be closer to stoichiometric 
by the help of ceramic heater. When the engine runs at 1500rpm the NOx is reduced by 40% for the 
blends of B5D75E20. This is because the air-fuel ratio in the case of ethanol-diesel blends is lower 
as compared to diesel alone. The latent heat of vaporization of ethanol is minimum for the same 
temperature in minimum NOx emissions[7]. 

IV. Conclusions 

An experimental investigation was conducted on the blends of ethanol - diesel fuel using ceramic 

heater surface ignition single cylinder CI engine.The tested blends were from 10% to 30% of 

ethanol by volume and also with 5% of the additive of n-butanol.The engine was operated with 

each blend at different power and different speeds of 1250 rpm and 1500 rpm. 

The Experiment showed that the n-butanol was a good additive for mixing diesel with ethanol 

blends. 

Using ceramic heater improved engine performance to 2% and controlled the emissions and reduced 

unburned HC by 7.5ppm. 

The brake specific fuel consumption is slightly increased by 62g/Kwhr for B5D65E30 and 

58g/Kwhr for B5D70E25 blends at 1250 rpm and 60g/Kwhr for B5D65E30 at 1500 rpm. 

The break thermal efficiency is increased for the blends of B5D75E20 by 2% and B5D65E30 by 

2.5% at the speed of 1250 rpm. When the engine runs at 1500 rpm the break thermal efficiency is 

increased for the blends of B5D75E20 by 5% at high power and B5D70E25 by 2.5% at low power. 

The higher percentages of the ethanol give more CO emission by 70.34% maximum.At half load 

CO emission is average.For higher engine loads which are above half of the engine load , the CO 

emission becomes lower than that fuelled by diesel for all the blends for the speed of 1250rpm. CO 

emission is same for all blends at half load and 5% CO emission is increased at low and high load at 

the speed of 1500 rpm. 

The blends of B5D85E10 the HC emission is reduced by 20ppm. When the engine runs at the 

speed of 1500 rpm, the HC emission becomes less as the loads increased. Less emission for 

B0D100E0 and B5D85E10 by 24 ppm and 10 ppm respectively. 

NOx emission is reduced for the blends of B0D100E0 and B5D70E25 by lOOppm at the speed of 

1250 rpm. When the engine runs at 1500 rpm the NOx is reduced for the blends of B5D65E30 upto 

half load of the engine by 220 ppm. 
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Abstract 

In recent electronic applications the variable DC power supply is derived with light weight, occupying less size 
using 100 kHz switching frequency. When the frequency is high, the load experiences practically uninterrupted 
DC voltage. According to need of application buck converter is considered for analysis. It is observed that 
nature of DC- DC converter is nonlinear and time variant systems, and does not lend them to the application of 
linear control theory. The performance of buck converter has been studied and is undertaken for their 
theoretical verification, graphical representation and Matlab simulation. From the linear controller PI, PID is 
considered and non linear controller sliding mode control is taken as control method. The paper work will 
highlights nonlinear aspects of buck converter, non linear controller like sliding mode controller and hybrid 
type of controller SMC PID. This will also focuses the benefits of non linear control. 

KEYWORDS: SMC {sliding mode control), PI and PID control. 

I. Introduction 

DC-DC converter convert DC voltage signal from high level to low level signal or it can be vise versa 
depending on the type of converter used in system. Buck converter is one of the most important 
components of circuit it converts voltage signal from high DC signal to low voltage. In buck 
converter, a high speed switching devices are placed and the better efficiency of power conversion 
with the steady state can be achieved. In this paper work performance of buck converter is analyzed. 
The circuit may consist of nonlinearity like delay, hysteresis etc. and because of this output voltage is 
not constant. To settle the output voltage within minimum settling time and less overshoot different 
types of controllers are considered such as linear controller PI, PID and in nonlinear controllers SMC 
(sliding mode controller). The paper deals with comparison of performance of DC-DC buck converter 
using controllers PI, PID, SMC and SMC PID. The performance of buck converter has been analyzed 
in many papers amongst them papers [1][2] have been studied and are undertaken for their theoretical 
verification, graphical representation and Matlab simulation. 

II. Simulated model of buck converter 

Simulated model of buck converter by using Matlab are as shown in figure no.2.1. It consist of 24 V 
input DC supply, GTO (gate turn off thyristor) as switch, PWM (Pulse width modulation) generator 
for providing switching pluses to GTO. Inductor is of 69 |iH[l] and capacitor is of 220|iF[l], with 
load resistance of 13 Q [1] .The desired output from this converter is 12 V DC. 
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Figure No 2.1 Buck converter in Matlab Simulink. 

The circuit has settling time of 2 msec and output voltage is 14.12 V which is required to settle at 12 
V. To compensate these transients present in buck converter different types of controllers can be used. 

III. Control Methods 

Figure 3.1 shows the block diagram with some methods that can be used to control DC-DC converters 
and the disturbances that have influence on the behavior of the converter and its stability. The 
feedback signal may be the output voltage, the inductor current, or both. The feedback control can be 
either analog or digital control. From these control methods PI, PID are linear control methods and 
SMC, SMC PID are the non- linear control methods. Comparison between linear and nonlinear 
control methods are given below. 
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Figure No. 3.1 Types of controller. 
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3.1 PI control method 

Settling time of PI compensated buck converter circuit is 1 1 msec initial overshoot for output voltage 
is 27 V and 43 A for inductor current. After settling time of 11 msec output voltage is at 12V and 
inductor current is at 1.738 A. 
Load Voltage:- 




Figure No. 3.1.1 Load voltage of buck converter in Matlab/Simulink model. 
Inductor current: - 




Time in sec 



FigureNo.3.1.2 Inductor current from simulation. 

3.2. Effect of variation of load resistance on buck converter with PI control 

When buck converter is considered with PI control it has settling time of 1 1 msec and output voltage 
is at 12 V. When the circuit was tested under the load variation from (open circuit) to short circuit, it 
was found that as load resistance increases load current decreases. 
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Figure No.3.2.1 Bar graph for the variation of load resistance. 
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3.3. Effect of variation of line voltage on buck converter with PI control 

When the circuit was tested under the line variation from 20 V to 34 V, it was found that as line 
resistance increases, load current increases settling time is almost remains constant for PI controller. 



Lint variation for l>uck converter with PI control 
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Figure No.3.3.1 Bar graph for the line variation. 

3.4. PID control method 

PID controllers are dominant and popular and, have been widely used since the 1940' s because one 
can obtain the desired system responses and it can control a wide class of systems. The basic AC 
modeling approach is a common averaging technique used for PID modeling. After the circuit is 
modeled, we go through the design of PID controller with the help of Matlab in a simple way to get an 
overall system with good quality performance. Simulink model of the converter is built up and the 
controller obtained is added to the model. 
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Figure No 3.4.1 The block diagram of controller includes PID control. 
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Figure No. 3.4.2 Buck converter with PID control Matlab model 

3.4.1. Inductor current waveform 

By considering above scenario in which a buck converter when considered with PID controller it has 
been observed that the circuit has settling time of 2.5 msec. The output voltage attends steady state 
value of 12 V, which is expected output from this application. Settling time for PID controlled buck 
converter is 2.5 msec and transient voltage is of 16 V and transient current is of 28 A which are less as 
compared to PI controller. 

3.5 Effect of variation of load resistance on buck converter with PID control 

When PID controlled buck converter is considered with load variation, in a range of 10 Q to 13 Q 
settling time and inductor current almost remains same. When load regulation is found out for this 
circuit it is found to be 29.82 %. 
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Figure No.3.4.1.1 Bar graph for variation of load resistance in PID control circuit. 
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3.6 Effect of variation of line voltage on buck converter with PID control 
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Figure No. 3.4.1.2 Bar graph line variation. 

Figure 3.4.1.2 shows the line variation for PID controlled buck converter circuit. As input voltage 
increases, inductor current also increases and settling time also increases. The settling time is in msec 
for this circuit. From this variation we can say that this controller can be used in range of 20 V to 28 V 
with same output voltage, settling time and inductor current. 

IV. SMC Control Method 

From above all control methods sliding mode control is the only non linear method and its 
performance is studied for comparison with other linear methods. SMC could be implemented for 
switch mode power supplies. The controller block diagram of SMC is shown in figure no. 4.1 
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Figure No. 4.1 The simulation controller block diagram SMC. 

4.1Selection of various parameters for the circuit 

The control topology consists of a linear and non-linear part. The non-linear parameter can be 
selected, while it is left to the designer to tune the linear part and get the optimum values depending 
on the application. The output of the integral is amplified through a gain and the result is subtracted 
from the inductor loop, the difference is passed through a hysteresis. One major drawback of this 
model is the lack of a standard procedure to select the gain. The hysteresis parameter can be selected 
by measuring the peak-to-peak inductor current and these are the limits for the hysteresis parameters. 
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4.2. Buck converter with sliding mode control simulated circuit diagram 

Considering above circuit in which a buck converter when considered with SMC controller it 
has been observed that the circuit has settling time of 20 msec. The output voltage attends 
steady state value of 12 V , which is expected output from this application. Under the load 
variation of SMC circuit from to oo , it was found that as load resistance increases load 
current decreases and settling time increases continuously 
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Figure No. 4.2.1 Simulation diagram for buck converter with SMC 
4.2.1 Effect of variation of load resistance on buck converter with SMC control 
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Figure No.4.2.1.1 Bar graph for load resistance variation 

Above bar graph shows the effect of load variation on buck converter with SMC controller. As 
resistance value increases inductor current decreases. For oo resistance voltage is 23.69 and inductor 
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current is 1.16e-10 A. But in the range of 10 Q to 13 Q load resistances inductor current and load 
voltage almost remain constant. 

4.2.2 Effect of variation of line voltage on buck converter with PID control 
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Figure No.4.2.2.1 Bar graph for line variation 
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Figure No.5.1 Buck converter with SMC PID controller. 

Above figure shows simulated model of buck converter with SMC PID controller. In this model SMC 
and PID controllers both are considered to get advantages of both control methods. From performance 
comparison of SMC PID with other controllers we can say that this circuit has large settling time but 
very less overshoot or no overshoot in voltage. Whenever we can consider this settling time and 
required more accuracy we can go for SMC PID model. 
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5.1Effect of variation of load resistance on buck converter with SMC PID control:- 

Above bar graph shows the effect of load variation on buck converter with SMC PID controller. As 
resistance value increases inductor current decreases. For oo resistance voltage is 23.69 V and inductor 
current is 1.06e-12 A. But in the range of 10 Q to 15 Q load resistances inductor current and load 
voltage almost remain constant 
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Figure No.5.1.1 Bar graph for load resistance variation 
5.2 Effect of variation of line voltage on buck converter with SMC PID control 
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Figure No.5.2.1 Bar graph for line variation 



Performance comparison 

Table 1 shows the summary of the performance characteristics of the buck converter between PI, PID, 
SMC and SMC PID controller quantitatively. Based on the data tabulated in Table 71, PID has the 
fastest settling time of 2.5 msec while SMC has the slowest settling time of 20 m seconds. An extra of 
17.5 m seconds is required for the SMC controller for steady state voltage. 
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Figure No. 6.1. comparative graph for all existing controllers 



6.1 Comparative graph for peak overshoot, regulation, output voltage and inductor 
current all existing controllers 

From comparison we can say for same output voltage and inductor current peak overshoot is 
maximum for PI control and no overshoot for SMC PID control method. From the 
performance analysis of uncompensated buck converter we can say that because of 
disturbances and nonlinearities output voltage of converter is 14.12 V instead of 12 V. 
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Figure No.6.1.1. Comparative graph for all existing controllers. 

VII. Conclusion 

As SMC is not operating at a constant switching frequency and converters have a highly nonlinear 
and time varying nature therefore it is selected to control such kind of DC- DC converter. Therefore it 
is also selected as control technique for performance analysis. The waveforms of simulated output 



267 | 



Vol. 2, Issue 1, pp. 258-268 



International Journal of Advances in Engineering & Technology, Jan 2012. 

©IJAET ISSN: 2231-1963 

voltage and current were obtained, studied and compared with the waveforms from other controllers 
for performance comparison. By studied references papers in details the waveforms were found to be 
in precise proximity of theoretical waveforms. Some concluding points which are analyzed in 
following points. From performance comparison of SMC with PI and PID it was found that it has 
large settling time. So when more voltage accuracy is required and large settling time can be 
considered then we can go for SMC or SMC PID control method. But when less cost, less accuracy 
and less complexity is required, than PI or PID control method can be used. When buck converter is 
considered with PI control within 6.5 msec output voltage attends 12 V. 
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Abstract 

The author evaluated the performance of synchronous DS-CDMA systems over multipath fading channel and 
AWGN Channel The synchronous DS-CDMA system is well known for eliminating the effects of multiple access 
interference (MAI) which limits the capacity and degrades the BER performance of the system. This paper 
investigated the bit error rate (BER) performance of a synchronous DS-CDMA system over AWGN and 
Rayleigh channel, which is affected by the different number of users, as well as different types spreading codes. 
The promising simulation results explore the comparative study of different DS-CDMA system parameter and 
showed the possibility of applying this system to the wideband channel. Different MATLAB functions and 
MATLAB program segments are explained for the simulation of DS-CDMA system. 

KEYWORDS: CDMA system, QPSK, BER, Rayleigh Channel, AWGN channel, MATLAB program segment, 
Gold Sequence, M- sequence. 

I. Introduction 

Direct-sequence code-division multiple access (DS-CDMA) is currently the subject of much research 
as it is a promising multiple access capability for third and fourth generations mobile communication 
systems. Code-division multiple access (CDMA) is a technique whereby many users simultaneously 
access a communication channel. The users of the system are identified at the base station by their 
unique spreading code. The signal that is transmitted by any user consists of the user's data that 
modulates its spreading code, which in turn modulates a carrier. An example of such a modulation 
scheme is quadrature phase shift keying (QPSK). In this paper, we introduce the Rayleigh channel and 
AWGN Channel, and investigated the bit error rate (BER) performance of a synchronous DS-CDMA 
system over these channels. In the DS-CDMA system, the narrowband message signal is multiplied 
by a large bandwidth signal, which is called the spreading of a signal. The spreading signal is 
generated by convolving a M-sequence & GOLD sequence code with a chip waveform whose 
duration is much smaller than the symbol duration. All users in the system use the same carrier 
frequency and may transmit simultaneously. The receiver performs a correlation operation to detect 
the message addressed to a given user and the signals from other users appear as noise due to de- 
correlation. The synchronous DS-CDMA system is presented for eliminating the effects of multiple 
access interference (MAI) which limits the capacity and degrades the BER performance of the system. 
MAI refers to the interference between different direct sequences users. With increasing the number 
of users, the MAI grows to be significant and the DS-CDMA system will be interference limited. The 
spreading M & GOLD sequences in a DS-CDMA system need to have good cross-correlation 
characteristics as well as good autocorrelation characteristics [P. Alexander et.al],[ E. Dinan et.al]. 
The goal is to reduce the fading effect by supplying the receiver with several replicas of the same 



269 



Vol. 2, Issue 1, pp. 269-281 



International Journal of Advances in Engineering & Technology, Jan 2012. 

©IJAET ISSN: 2231-1963 

information signal transmitted over independently fading paths. The remainder of the paper is 
organized as follows. In the next section we present channel modelling. Section 3 deals with 
modulation and Demodulation scheme used in the system .Section 4 deals with proposed transmitter 
and receiver model for simulation. Different MATLAB functions, program segments and flow of 
program segment are explained in the Section 5 & 6 respectively, the paper ends with simulation 
results and conclusion. 

II. Channel Model 

2.1. Rayleigh fading channel Model: 

Rayleigh fading is a statistical model for the effect of a propagation environment on a radio signal, 
such as that used by wireless devices. Rayleigh fading models assume that the magnitude of a signal 
that has passed through such a transmission medium will vary randomly, or fade, according to a 
Rayleigh distribution the radial component of the sum of two uncorrected Gaussian random 
variables. [C.Trabelsi et.al]. Rayleigh fading is viewed as a reasonable model for tropospheric and 
ionospheric signal propagation as well as the effect of heavily built-up urban environments on radio 
signals. Rayleigh fading is most applicable when there is no dominant propagation along a line of 
sight between the transmitter and receiver Rayleigh fading is a reasonable model when there are many 
objects in the environment that scatter the radio signal before it arrives at the receiver, if there is 
sufficiently much scatter, the channel impulse response will be well modelled as a Gaussian process 
irrespective of the distribution of the individual components. If there is no dominant component to the 
scatter, then such a process will have zero mean and phase evenly distributed between and 2n 
radians. The envelope of the channel response will therefore be Rayleigh distributed [Theodore S. 
Rappaport]. 
2.2 . AWGN channel Model 

Additive White Gaussian Noise channel model as the name indicate Gaussian noise get directly added 
with the signal and information signal get converted into the noise in this model scattering and fading 
of the information is not considered[Theodore S. Rappaport]. 

III. Modulator and Demodulator 

A QPSK signal is generated by two BPSK signals. To distinguish the two signals, we use two 
orthogonal carrier signals. One is given by cos2nf c t, and the other is given by sin2nf c t. A channel in 
which cos27rf c t is used as a carrier signal is generally called an in-phase channel, or Ich, and a channel 
in which sin27rf c t is used as a carrier signal is generally called a quadrature-phase channel, or Qch. 
Therefore, dj(t) and d q (t) are the data in Ich and Qch, respectively. Modulation schemes that use Ich 
and Qch are called quadrature modulation schemes. The mathematical analysis shows that QPSK 
[X.Wang ^..al] 



s n (t) = ^f cos (2nf c t + (2n - 1) J) for n =1,2,3,4 



(1) 



This yields the four phases n/4, 3n/4, 5n/4 and 7n/4 as needed. This results in a two-dimensional 
signal space with unit basis functions. The even Equation(2) and odd Equation(3) samples of signal 
are given by, 

01 (0= \^cos(2nf c t) (2) 

The first basis function is used as the in-phase component of the signal and the second as the 
quadrature component of the signal. An illustration of the major components of the transmitter and 
receiver structure is shown below. 
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Figure.l QPSK Modulator 

The binary data stream is split into the in-phase and quadrature-phase components. These are then 
separately modulated onto two orthogonal basis functions. In this implementation, two sinusoids are 
used. Afterwards, the two signals are superimposed, and the resulting signal is the QPSK signal. Note 
the use of polar non-return-to-zero encoding. These encoders can be placed before for binary data 
source, but have been placed after to illustrate the conceptual difference between digital and analog 
signals involved with digital modulation. In the receiver structure for QPSK matched filters can be 
replaced with correlators. Each detection device uses a reference threshold value to determine whether 
a 1 or is detected as shown in the Figure (2) 
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Figure.2 QPSK Demodulator 

IV. Proposed System Model 

4.1 Proposed Transmitter Model: 

The randomly generated data in system can be transmitted with the help of proposed transmitter 
model which is shown in Figure(3) given below 




Figure.3 DS-CDMA transmitter 
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At first, the data generator generates the data randomly, that generated data is further given to the 
mapping circuit. Mapping circuit which is consisting of QPSK modulator converts this serially 
random data into two parallel data streams even and odd samples i.e. Ich (in-phase) and Qch 
(quadrature phase) [X.Wang.ef.al]. This Ich and Qch are then convolved with codes and spreaded 
individually by using M-sequence or Gold sequence codes .The spreaded data is given to the over 
sampler circuit which converts unipolar data into bipolar one, then this oversampled data is convolved 
using with help of filter coefficients of T-filter. Then these two individual data streams are summed 
up and passed through Band pass filter (BPF) which is then transmitted to channel. 
4.2 Proposed Receiver Model: 

The randomly generated data in system which is transmitted through the channel can be received 
with the proposed receiver model which is shown in Figure (4) given below. 



/// 
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Figure.4 DS-CDMA receiver 

At the receiver ,the received signal passes through band pass filter (BPF). where spurious signals 
eliminated. Then signal divided into two streams and convolved using filter co-efficient, by which 
Inter Symbol Interference (ISI) in the signal is eliminated. This signal is dispreaded using codes, also 
synchronized. This two dispreaded streams are then faded to Demapping circuit which is consisting of 
QPSK demodulator. Demodulator circuit converts the two parallel data streams into single serial data 
stream. Thus the received data is recovered at the end. 

V. MATLAB Simulations 

5.1 DS-CDMA System: 

This section shows the procedure to obtain BER of a synchronous DS-CDMA. In the synchronous 

DS-CDMA, users employ their own sequences to spread the information data. At each user's terminal, 

the information data are modulated by the first modulation scheme. Then, the first bits of the 

modulated data are spread by a code sequence, such as an M-sequence or a Gold sequence. The 

spread data of all the users are transmitted to the base station at the same time. The base station 

detects the information data of each user by correlating the received signal with a code sequence 

allocated to each user. In the simulation, QPSK is used as the modulation scheme. The parameters 

used for the simulation are defined as follows [Hiroshi Harada et.al]: 

sr =2560000.0; % symbol rate 

ml = 2; % number of modulation levels 

br = sr * ml; % bit rate 

nd = 200; % number of symbol 

ebn0 = [0:20]; % Eb/No 

irfn = 21 ; % number of filter taps 

IPOINT =8; % number of oversample 

alfs = 0.5; % roll off factor 
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The coefficient of the filter is defined as given in the above program segment evaluates the 
performance of QPSK and the MATLAB function hrollfcoef is use to evaluate the filter coefficient 
based on the above parameter. 

[xh]=hrollfcoef(irfn,IPOINT,sr,alfs,l); 

% T Filter Function 
[xh2]=hrollfcoef(irfn,IPOINT,sr,alfs,0); 

% R Filter Function 
The parameter for the spread sequences, namely M-sequence and Gold sequences are used. By 
denoting variables as seq 1, or 2 a code sequence is selected. Next, the number of registers is set to 
generate an M-sequence. In synchronous DS-CDMA, the number of code sequences that can be 
allocated to different users is equal to the number of code lengths. Therefore, the length of the code 
sequence must be larger than the number of users. To generate a code sequence, we must specify the 
number of registers, the position of the feedback tap, and the initial values of the registers. To 
generate a Gold sequence and an orthogonal Gold sequence, two M-sequences are needed. Therefore, 
the following parameters are used. By using these parameters, a spread code is generated, and the 
generated code is stored as variable code. 

user =3 % number of users 

seq = 1; % l:M-sequence 2:Gold 

stage = 3; % number of stages 

ptapl = [1 3]; % position of taps for 1st 

ptap2 = [2 3]; % position of taps for 2nd 

regil = [111]; % initial value of register for 1st 

regi2 = [111]; % initial value of register for 2nd 

Here, code is a matrix with a sequence of the number of users multiplied by the length of the code 

sequence. An M-sequence is generated by MATLAB function mseq.m, and a Gold sequence is 

generated by MATLAB function goldseq.m. An orthogonal Gold sequence can be generated by 

adding a bit of data to the top or bottom of a Gold sequence. Because the generated code sequence 

consists of and 1, the program converts it into a sequence consisting - 1 and 1. 

switch seq 

case 1 % M-sequence 

code = mseq(stage,ptapl, regil, user); 
case 2 % Gold sequence 

ml = mseq(stage,ptapl,regil); 

m2 = mseq(stage,ptap2,regi2); 

code = goldseq(ml,m2,user); 
end 

code = code * 2 - 1 ; 
clen = length(code); 

When rfade is 0, the simulation evaluates the BER performance in an AGWN channel. When rfade is 
1, the simulation evaluates the BER performance in a Rayleigh fading environment [C.Trabelsi et.al]. 

rfade =1; % Rayleigh fading 0:nothing Lconsider 

itau = [0,8]; % delay time 

dlvll = [0.0,40.0]; % attenuation level 

nO = [6,7]; % number of waves to generate fading 

thl = [0.0,0.0] ; % initial Phase of delayed wave 

itndl = [3001,4004]; % set fading counter 

nowl =2; % number of directwave + delayed wave 

tstp = 1 / sr / IPOINT / clen; % time resolution 

fd = 160; % doppler frequency [Hz] 
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flat = 1 ; % flat Rayleigh environment 

itndel = nd * IPOINT * clen * 30; % number of fading counter to skip 

Then, the number of simulation loops is set. The variables that count the number of transmitted data 
bits and the number of errors are initialized. 

nloop = 10; % simulation number of times 

noe = 0; 
nod = 0; 

The transmitted data in the in-phase channel and quadrature phase modulated by QPSK are multiplied 

by the code sequence used to spread the transmitted data. The spread data are then oversampled and 

filtered by a roll-off filter and transmitted to a communication channel. Here, MATLAB functions 

compoversamp2.m, compconv2 .m and qpskmod.m used for oversampling filtering, and modulation, 

filter parameter xh form T -filter is provided in compconv2 function. 

data = rand(user,nd*ml) > 0.5; 

[ich, qch] = qpskmod(data,user,nd,ml); % QPSK modulation 

[ichl,qchl] = spread(ich,qch,code); % spreading 

[ich2,qch2] = compoversamp2(ichl, qch 1, IPOINT); % over sampling 

[ich3,qch3] = compconv2(ich2,qch2,xh); % filter 

Above program segment demonstrate the transmitter section of the DS-CDMA system. During this 
process ichl,qchl get transformed into ich3 and qch3. The signals transmitted from the users are 
synthesized by considering the if-else statement depending upon the number of user ich4 and qch4 is 
generated 

if user ==1 % transmission based of Users 

ich4 = ich3; 

qch4 = qch3; 
else 

ich4 = sum(ich3); 

qch4 = sum(qch3); 
end 

The synthesized signal is contaminated in a Rayleigh fading channel as shown in below program 
segment . In reality, the transmitted signals of all users are contaminated by distinctive Rayleigh 
fading. However, in this simulation, the synthesized signal is contaminated by Rayleigh fading. 
Function sefade.m used to consider the Rayleigh fading 
if rfade == 

ich5 = ich4; 

qch5 = qch4; 
else % fading channel 

[ich5 ,qch5] = sef ade(ich4,qch4,itau,dlvl 1 ,th 1 ,n0,itnd 1 ,now 1 , . . . . 

..Iength(ich4),tstp,fd,flat); 
itndl = itndl + itndel; 
end 

At the receiver, AWGN is added to the received data, as shown in the simulation for the QPSK 
transmission in Program Segment (5). Then, the contaminated signal is filtered by using a the root 
roll-off filter. Below program segment calculate the attenuation and add AWGN to the signal ich6 and 
qch6 and transform the signal to ich8 and qch8 using the filter coefficient xh2. 

spow = sum(rot90(ich3. A 2 + qch3. A 2)) / nd; % attenuation Calculation 

attn = sqrt(0.5 * spow * sr /br * 10 A (-ebn0(i)/10)); 

snrlnr=10. A (ebn0(i)/10); 

attnNEW=sum(attn)/400; 
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[ich6,qch6] = comb2(ich5,qch5,attn); % Add White Gaussian Noise (AWGN) 

[ich7,qch7] = compconv2(ich6,qch6,xh2); % filter 

sampl = irfn * IPOINT + 1; 

ich8 = ich7(:,sampl:IPOINT:IPOINT*nd*clen+sampl-l); 

qch8 = qch7(:,sampl:IPOINT:IPOINT*nd*clen+sampl4); 

The resampled data are now the synthesized data of all the users. By correlating the synthesized data 
with the spread code used at the transmitter, the transmitted data of all the users are detected. The 
correlation is performed by Program, 

[ich9 qch9] = despread(ich8,qch8,code); % dispreading 

The correlated data are demodulated by QPSK. [ Fumiyuki ADACHI] Then, the total number of 

errors for all the users is calculated. Finally, the BER is calculated. 

demodata = qpskdemod(ich9,qch9,user,nd,ml); % QPSK demodulation 

noe2 = sum(sum(abs(data-demodata))); 
nod2 = user * nd * ml; 
noe = noe + noe2; 
nod = nod + nod2; 

VI. Simulation Flowchart 

In order to simulate the system following step are 

• Initialized the common variable 

• Initialized the filter coefficient 
Select the switch for m-sequence and gold sequence 
Generate the spreading codes 
Initialize the fading by using variable rfade 

Define the variables for signal to noise ratio and the number of simulation requires as the 
data is random BER must have the average value of number of simulation. 
Simulate the system by using the proposed transmitter and receiver for different type of 
channel and codes 
Theoretical value of BER for Rayleigh channel and AWGN channel can be calculated by 



BER theoretical(AWGN) = - erfc(jE b /N ) --—(3) 



BER theoretical (Rayleigh) = - 



i-. x 



Eh 
N 



-(4) 
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VII. Simulation Results Obtained 




Figure.6 Performance of DS CDMA System in AWGN Environment With M Sequence 



BER Vs Efa/No on AWGN Channel + GOLDCODE 
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Figure.7 Performance of DS CDMA System in AWGN Environment With GOLD Sequence 




Figure.8 Performance of DS CDMA System in Rayleigh Environment With Gold Sequence 
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Figure.9 Performance of DS CDMA System in Rayleigh Environment With M Sequence 
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Figure. 10 Performance of DS CDMA System in Rayleigh Environment With M & Gold Sequence 
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Figure.ll Performance of DS CDMA System in AWGN Environment With M & GOLD Sequence 
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BER Vs Eb/No on M-SEQUENCE [AWGN+RAYLEIGH],NO OF USER=3 




Figure.12 Performance of DS CDMA System in AWGN & Rayleigh Environment With M Sequence 
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Figure.13 Performance of DS CDMA System In AWGN & Rayleigh Environment With Gold sequence 

VIII. Results and Conclusion 

In AWGN environment, when gold sequence or m sequence is used, for the different users the 
practical BER value for the minimum number of user is nearly approaches to the theoretical value of 
BER. In RAYLEIGH environment, when gold or m sequence is used, at the initial SNR value the 
practical and theoretical value of BER are same, as the SNR increases the practical BER value 
increases as compared to the theoretical value of BER. When the m sequence and gold sequence is 
considered in RAYLEIGH environment, at initial state the practical BER value and theoretical BER is 
same. But as the SNR increases, the practical BER value increases rapidly as compared to the 
theoretical BER value. When the m sequence and gold sequence is considered in AWGN 
environment, with single user, initially the practical BER value is same as the theoretical value, and 
with increasing SNR the practical value increases as compared to the theoretical value of BER. When 
either sequence is used in the system for AWGN and Rayleigh environment, initially the BER 
theoretical and practical value are nearly same. But, as the SNR value increases in case of the AWGN, 
the practical BER value increases rapidly as compared to the theoretical value, and in case of 
Rayleigh the practical value approaches to the theoretical value. 
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Abstract 

In restructured power system, engineering aspects of planning and operation have to be reformulated although 
essentials ideas remain same. With emergency of distinct identities of GENCO 's, TRANSCO 's, DISCO 's, and 
the ISO's many of the ancillary services of the vertically integrated utility will have a different role to play and 
hence have to be modified differently. Among these, ancillary services are, "the automatic generation control 
(AGC)". An attempt is made in this paper to present critical literature review and an up-to-date and exhaustive 
bibliography on the AGC of a hydro thermal system in deregulated environment. Various control aspects 
concerning the AGC problem have been highlighted. 

KEYWORDS' Automatic generation control, Hydro-Thermal system, Deregulation. 

I. Introduction 

In modern power system network there are number of generating utilities interconnected together 
through tie-lines. In order to achieve integrated operation of a power system, an electric energy 
system must be maintained at a desired operating level characterized by nominal frequency, voltage 
profile and load flow configuration. 

Modern power system normally consists of a number of subsystems interconnected through tie lines. 
For each subsystem the requirements usually include matching system generation to system load and 
regulating system frequency [5]. This is basically known as load-frequency control problem or 
automatic generation control (AGC) problem. It is desirable to achieve a better frequency constancy 
than is obtained by speed governing system alone. In an interconnected power system, it is also 
desirable to maintain the tie line flow at a given level irrespective of the load change in any area. To 
accomplish this, it becomes necessary to manipulate the operation of main steam valves or hydro 
gates in accordance with a suitable control strategy, which in turn controls the real power output of 
the generators. The control of the real power output of electric generators in this way is termed as 
"Automatic Generation Control (AGC)"This paper discuss the critical literature review of AGC 
schemes of hydro thermal system in deregulated environment. 

II. Automatic Generation Control 

Power system loads are sensitive to frequency and following system frequency changes the aggregate 
load change follows deviation. When a generating unit is tripped or additional load is added to the 
system, the power mismatch is initially compressed by an extraction of the kinetic energy from the 
system inertial storage that causes a system frequency drop. [19] 

As the frequency decreases, the power consumed by loads also decreases. Equilibrium for large 
system can be obtained when the frequency sensitive reduction of loads balances the power output of 
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tripped unit or that delivered to the additional load resulting in new frequency. This effect could stop 
the frequency decline in less than a couple of seconds. However, if the mismatch causes the frequency 
to deviate beyond the governor dead band of the generating units their outputs will be increased by the 
governor action. For such mismatches equilibrium is obtained when reduction in power consumed by 
the loads plus the increased generation due to governer action compensate the mismatch. Such 
equilibrium is normally obtained with a dozen seconds of the frequency incident. Governor droop is 
the percentage change in frequency that would cause unit generation to change buy 100% of its 
capability. Typically speed droops for active generators are in the range of about 4%. With this level 
of frequency sensitivity and at the expense of some frequency deviation, generation adjust by 
governors provide ample opportunity for follow up manual control of units. 

This automatic adjustment of generation by free governor action is known as primary frequency 
regulation. The objectives of the follow up control especially under normal changes of load are to 
return frequency to, schedule, to minimize production cost, and to operate the system at an adequate 
level of security. 

Automatic generation control is a closed loop control system that particularly replaces this manual 
control. This form of generation control has become essential to the real time operation and control of 
interconnected power systems and operates in widely varying power system control environments 
ranging from autonomous to strongly interconnected systems with hierarchy multi- level control. 
The purpose of AGC is to replace portions of the manual control. 

As it automatically responds to normal load changes, AGC reduces the response time to a minute or 
more or less. Mainly due to delays associated with physically limited response rates of energy 
conversion, further reduction in the response of AGC is neither possible nor desired. 
Neither follow up manual control nor AGC is able or expected to play any role in limiting the 
magnitude of their just frequency swing, which occurs within seconds after the loss of a block 
generation or load in the systems. For conditions where change of generation due to governor action 
and change of load due to its sensitivity to frequency are not enough to intercept the runaway 
frequency. Over and under frequency relay are among the last resorts for shedding loads to prevent 
system collapse or tripping generating units to prevent their damage. 
The main aims behind the design of AGC are: 

a) The steady state frequency error following a step load perturbation should be zero. 

b) The steady state change in the tie flow following a step load change in an area must 
be zero. 

c) An automatic generation controller providing a slow monotonic type of generation 
responses should be preferred in order to reduce wear and tear of the equipment. 

The objectives of AGC may, therefore be summarized as follows: 

1. Each area regulates its own load fluctuations. 

2. Each area assists the other areas, which cannot control their own load fluctuations. 

3. Each area contributes to the control of the system frequency, so that the Operating 
costs are minimized. 

4. The deviations in frequency and tie line power flow error to zero in the steady state. 

5. When load changes are small, the system must be permitted to come back to the 
steady state (by natural damping) so that the mechanical power does not change small 
disturbances for economic reasons. 

The problem of AGC can be subdivided into fast primary control and slow secondary control modes. 
The fast primary control (governing mechanism) mode tries to minimize the frequency deviations and 
has a time constant of the order of seconds. But, primary control does not guarantee the zero steady 
state error. The slow secondary control channel (supplementary control), with time constants of the 
order of minutes, regulates the generation to satisfy certain loading requirements and contractual tie- 
line loading agreements. The overall performance of the AGC in any power system depends on the 
proper design of both primary and secondary control loops. 

The traditional power system industry has a "vertically integrated utility" (VIU) 
[9], [10], [14], [15], [32] structure and treated as a single utility company which monopolies generation, 
transmission and distribution in a certain geographic region. Interconnection between networks and 
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interaction between companies is usually voluntary to improve system reliability and performance. In 
the restructured or deregulated environment, vertically integrated utilities no longer exist. The first 
step in deregulation has been to separate the generation of power from the transmission and 
distribution, thus putting all the generation on the same footing as independent power producers 
(IPPs). So in the new scenario the utilities no longer own generation, transmission, and distribution; 
instead, there are three different entities, viz., GENCOs (generation companies), TRANSCOs 
(transmission companies) and DISCOs (distribution companies) 

III. Deregulation 

Analysis of the electrical industry beings with the reorganization of three components; Generation, 
Transmission and Distribution. 



Bill 



UTILITY 

Generation, Transmission, Distribution 

~7\ 



Energy KWH 



End Use Customer 



Fig.l Schematic Diagram of Power System 

Once electricity is generated,[3],[7] whether by burning fossil fuels, harnessing wind, solar or hydro 
energy, or through nuclear fission it is sent through high voltage, high capacity transmission lines to 
the local regions in which the electricity will be consumed. When electricity arrives in the region in 
which it is to be consumed, it is transformed to a lower voltage and sent through local distribution 
wires to end-use consumers. In general, all three of these vertically related sectors have typically been 
tied together within a utility, which has been either investor-owned or state de -regulated or owned by 
the municipality. For many years each sector was thought of is a natural monopoly. 
Electric deregulation also known as electric restructuring, is the process by which the traditional 
monopoly structure for generating and delivering power to retail consumer is opened to competition 
by legislative or regulatory initiative. Addressed at the state level, electricity deregulation in its early 
stages and already beginning to benefits for consumers, the economy and future reliability of energy 
sources. 

In the transmission and distribution sectors, effective competition would require that rival firms 
duplicate one another's wire network, which would be inefficient. If wires owned by different 
companies were allowed to interconnect to form a single network, the flow on one line affects the 
capacity of other lines in the system to carry power. The commodity that is opened to competition is 
called electricity generation or supply. Competitive suppliers offer it for sale. Customer can choose 
their competitive supplier. A customer's electricity bill will show a generation charge that represents 
the fee for the use of certain amount of electricity. Other elements the bills include amounts owned to 
the utility (now known as Distribution Company) for delivering the power to consumers through poles 
and wires. This delivery function is not being to competition. 

Deregulation presents a chance to do better job at keeping cost down and making sure consumers 
have the kind of choice that best suits their needs. Historical deregulation or restructuring has the 
potential to produce gains in three broad sectors of the electricity utility industry operations, 
investment and consumption. 

Concordia and Kirchmayer [l]-[3] have analyzed the AGC problem of two equal area thermal, hydro 
and hydro-thermal systems. They have studied the AGC of a hydro-thermal system considering non- 
reheat turbine and mechanical governor in hydro system, neglecting generation rate constraints. Their 
conclusion from simulation studies show that for minimum interaction between control areas 
frequency bias (B) must be set equal to area frequency response characteristics |3. Although they have 
extensively studied the effect of variation of several parameters on dynamic performance of the 
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system, no explicit method has been suggested by them for the optimization of controllers. Concordia 
[3] has given the basic concepts of load-frequency control of an interconnected power system. He has 
discussed the effect of frequency bias and governor turbine model of a thermal system. 
Cohn [7]-[8] has discussed mainly regarding the selection of frequency bias setting for large multi- 
area power system. His investigations reveal that for minimum interaction between control areas 
ideally the frequency bias setting (B) of a control area should match the combined generation and load 
frequency response i.e. area frequency response characteristics (|3) of the area. However, Cohn has not 
addressed to the problem of optimum gain setting and structures of the supplementary controllers 
form the point of view of dynamic behavior of the system. 

Nanda and Kaul [9], [10] have extensively studied the AGC problem of a two area reheat thermal 
system, using both parameter plane and ISE techniques for optimization of integral gain setting and 
for investigating the degree of stability of the system. They have studied the effect of GRC, area 
capacity effect, speed regulation parameter on optimum controller setting and system dynamic 
responses. The effect of variation of significant parameters on optimum controller setting and cost 
function has been brought out through sensitivity analysis neglecting GRC. However, they have not 
addressed to the problem pertaining to correction of time error and inadvertent interchange 
accumulations. 

IEEE committee report on "Power Plant Responses" [13] shows that in practice GRC for reheat 
thermal system varies between 2.5% to 12% per minute and the permissible rate of generation for 
hydro plant is relatively much higher (a typical value of generation rate constraints (GRC) being 
270% per minute for raising generation and 360% per minute for lowering generation), as compared 
to that for reheat type thermal units having GRC of the order of 3% per minute. Ref. [13] provides the 
transfer function model for steam and hydro turbines for AGC. 

Nanda [14], [15] ,[32] have investigated the AGC problem of an interconnected hydro-thermal system 
in both continuous and discrete mode, with and without GRC. They are possibly the first to consider 
GRC to investigate the AGC problem of a hydro-thermal system with conventional integral 
controllers. They have found out the optimum integral controller settings and their sensitivity to GRC, 
speed regulation parameter 'R', base load condition etc. They have also studied the AGC problem of 
hydro thermal system, considering GRC where their main contribution is to explore the best value of 
speed regulation parameter. They have considered mechanical governor for hydro turbine. 
V. Donde and M A..Pai, LA. Hiskens [5] present AGC of a two area non reheat thermal system in 
deregulated power system. The concept of DISCO participation matrix (DPM) and area participation 
factor (APF) to represent bilateral contracts are introduced. However, they have not dealt with reheat 
turbine, GRC and hydro-thermal system in their work. 

Bekhouche [25] has compared load frequency control before and after deregulation. Before 
deregulation ancillary services, including AGC are provided by a single utility company called a 
control area that owns both transmission and generation systems. After deregulation, the power 
system structure has changed allowing specialized companies for generation, transmission, 
distribution and independent system operator. 

Richard D. Christie and Anjan Bose [20] have dealt with LFC (Load Frequency Control) issues in 
deregulated power system. It identifies the technical issues associated with load frequency control and 
also identifies technical solutions such as standards and algorithms, needed for the operation in this 
new restructured power system. 

Meliopoulos, Cokkinides and Bakirtzis[23] have given the concept that in a deregulated environment, 
independent generators and utility generators may or may not participate in the load frequency control 
of the system. For the purpose of evaluating the performance of such a system, a flexible method has 
been developed and implemented They proposed a method in which they assumed that load frequency 
control is performed by ISO (Independent System Operator) based on parameters defined by 
participating generating units. The participating units comprise utility generators and independent 
power producers. The utilities define the units which will be under load-frequency control, while the 
independent power producers may or may not participate in the load frequency control. For all the 
units which participate in the load-frequency control, the generator owner defines (a) generation 
limits, (b) rate of change and (c) economic participation factor. This information is transmitted to the 
ISO. This scheme allows the utilities to economically dispatch their own system, while at the same 
time permit the ISO to control the interconnected system operation. In the paper it has been shown 
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that if the percentage of units participating in this control action is very small, system performance 
deteriorates to a point that is unacceptable. It is therefore recommended that minimum requirements 
be established, based on system. 

J. Kumar, Kah-Hoe Ng and G. Sheble[21][22] have presented AGC simulator model for price based 
operation in a deregulated power system. They have suggested the modifications required in the 
conventional AGC to study the load following in price based market operations. A framework for 
price-based operation is developed to assist in understanding AGC operation in the new business 
environment. The modified AGC scheme includes the contract data and measurements, which are 
continuous, regular and quiescent and hence, greatly improves control signals to unit dispatch and 
controllers. The proposed simulator is generic enough to simulate all possible types of load following 
contracts (bilateral and poolco). The proposed scheme includes ACE as a part of control error signal 
and thus, also satisfies the NERC performance criteria. The new framework requires establishment of 
standards for the electronic communication of contract data as well as measurements. They have 
highlighted salient differences between the automatic generation control in a vertical integrated 
electric industry (conventional scenario) and a horizontal integrated electric industry (restructured 
scenario). However; they have not addressed the aspects pertaining to reheat turbine, GRC and hydro- 
thermal system. 

Donde, Pai and Hiskens [24] present AGC of a two area non-reheat thermal system in deregulated 
power system. In a restructured power system, the engineering aspects of planning and operation have 
to be reformulated although essential ideas remain the same. With the emergence of the distinct 
identities of GENCOs, TRANSCOs, DISCOs, many of the ancillary services of a vertically integrated 
utility will have a different role to play and hence have to be modeled differently. Among these 
ancillary services is the automatic generation control (AGC). In the new scenario, a DISCO can 
contract individually with a GENCO for power and these transactions are done under the supervision 
of the ISO or the RTO. In this paper, the two area dynamic model is formulated. Specifically it had 
focused on the dynamics, trajectory sensitivities and parameter optimization. The concept of a DISCO 
participation matrix (DPM) is proposed which helps the visualization and implementation of the 
contracts. The information flow of the contracts is superimposed on the traditional AGC system and 
the simulations revealed some interesting patterns. The trajectory sensitivities are helpful in studying 
the effects of parameters as well as in optimization of the ACE parameters viz. tie line bias and 
frequency bias parameter. The concept of DISCO participation matrix (DPM) and area participation 
factor (APF) to represent bilateral contracts are introduced. 

IV. Conclusion 

Literature survey shows that most of the earlier work in the area of automatic generation control in 
deregulated power system pertains to interconnected thermal system and no attention has been 
devoted to hydro-thermal systems involving thermal and hydro subsystems of widely different 
characteristics. The paper presents a critical review of AGC of hydro thermal system in deregulated 
environment. It has paid particular attention to categorize various AGC strategies in the literature that 
highlights its salient features. The authors have made a sincere attempt to present the most 
comprehensive set of references for AGC. It is anticipated that this document will serve as a valuable 
resource for any worker of the future in this important area of research. 
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Abstract 

With the increasing demand for high data transfer rate, the communication is getting new developments. For 
progressive data transfer at high data rate services, the means of communication has now taken high offering 
bandwidth architecture such as optical networks. In optical networks the mode of communication is completely 
an optical medium and data are transferred from various nodes to reach to the destination via optical routers. 
Though these networks have high bandwidth compatibility they offer heavy traffic congestion due to non-linear 
traffics resulting in degraded quality services. In this paper we present an adaptive methodology towards 
developing routing scheme in optical network based on queue based mechanism at wavelength router for 
comparatively higher offering quality of services. 

KEYWORD: All-optical network, resource adaptive routing, dynamic routing scheme, throughput, overhead 

I. Introduction 

From the past ten to twenty years the usage of internet services are drastically increasing year by year. 
So we have to develop our communication systems to meet the demand for the data transfer. So to 
incorporate the quality of service for high data rate services, optical networks are the upcoming 
solution. Optical wavelength-division-multiplexing networks provide large bandwidth and are 
promising networks for the future Internet. Wavelength routed WDM systems that utilize optical cross 
connect are capable of switching data in the optical domain. In such systems, end-to-end all-optical 
light paths can be established and no optical-to electronic and electronic-to-optical conversions are 
necessary at intermediate nodes. Such networks are referred to as all-optical networks. Wavelength 
routed networks without wavelength conversion are also known as wavelength-selective (WS) 
networks [11]. In such a network, a connection can only be established if the same wavelength is 
available on all links between the source and the destination. This is the wavelength-continuity 
constraint. Wavelength routed networks with wavelength conversion are also known as wavelength- 
interchangeable (WI) networks [11]. In such a system, each router is equipped with wavelength 
converters so that a light path can be setup with different wavelengths on different links along the 
path. To establish a light path in a WDM network, it is necessary to determine the route over which 
the light path should be established and the wavelength to be used on all the links along the route. 
This problem is called the routing and wavelength assignment (RWA) problem. Routing and 
wavelength assignment requires that no two light paths on a given link may share the same 
wavelength. In addition, in WS networks, light paths must satisfy the wavelength continuity 
constraint, that is, the same wavelength must be used on all the links along the path. The RWA 
problem can be classified into two types: the static RWA problem and the dynamic RWA Problem. 
In the static RWA problem, the set of connections is known in advance, the problem is to set up light 
paths for the connections while minimizing network resources such as the number of wavelengths and 



289 



Vol. 2, Issue 1, pp. 289-298 



International Journal of Advances in Engineering & Technology, Jan 2012. 

©IJAET ISSN: 2231-1963 

the number of fibers. Alternatively, one may attempt to set up as many light paths as possible for a 
given number of wavelengths. 

Dynamic RWA tries to perform routing and wavelength assignment for connections that arrive 
dynamically. The objective of dynamic RWA is to minimize the blocking probability. The routing and 
wavelength assignment problem has been studied extensively. 

A summary of the research in this area can be found in [16]. This problem is typically partitioned into 
two sub-problems: the routing sub-problem and the wavelength selection sub-problem [2, 3, 5, 6, 7, 
10, 14]. For the routing sub-problem, there are basically three approaches, fixed routing [6], alternate 
routing [6, 7, 14], and dynamic adaptive routing [9, 10]. Among the routing schemes, dynamic 
adaptive routing, which is studied in this paper, offers the best performance. A large number of 
wavelength selection schemes have been proposed: random-fit [5], first-fit [5], least-used[15], most- 
used[15], min-product[8], least-loaded [11], max-sum[2, 15], and relative capacity loss[17]. 
The schemes can roughly be classified to three types. The first type, including random-fit and least- 
used, tries to balance the load among different wavelengths. The schemes in this category usually 
perform poorly in comparison to other types of RWA schemes. The second type, including first-fit, 
most-used, min-product, and least-loaded, tries to pack the wavelength usage. These schemes are 
simple and effective when the network state information is precise. The third type, including max-sum 
and relative capacity loss, considers the RWA problem from a global point of view. These schemes 
deliver better performance and are more computational intensive than the other types of schemes. In 
this study, we investigate the impact of route overhead information on the performance of the routing 
wavelength algorithms. 

II. Dynamic Routing Scheme 

In this paper we outline the approach of providing quality of service based on route queue mechanism 
for higher quality of service. It is observed that the congestion probabilities at the link points are very 
heavy and a large computation is carried out at each router to provide an optimal routing. As the 
overhead in the route is basically due to packet blockage and queuing it is prime requirement to 
reduce this overhead to achieve high quality services. To achieve this objective in this paper we 
propose a markovian approach for a distributed optical network. 

A queuing system consists of one or more routers that provide service of some sort to arriving node. 
Node who arrives to find all routers busy generally join one or more queues (lines) in front of the 
routers, hence the name queuing systems. There are several everyday examples that can be described 
as queuing systems [7], such as bank-teller service, computer systems, manufacturing systems, 
maintenance systems, communications systems and so on. Components of a Queuing System: A 
queuing system is characterized by three components: Arrival process - Service mechanism - Queue 
discipline. 

2.1. Arrival Process 

Arrivals may originate from one or several sources referred to as the calling population. The calling 
population can be limited or 'unlimited'. An example of a limited calling population may be that of a 
fixed number of machines that fail randomly. The arrival process consists of describing how node 
arrives to the system. If A. is the inter-arrival time between the arrivals of the (i-l) th and i th node, we 

shall denote the mean (or expected) inter-arrival time by E(A) and call it 

(k ) = 1/(E(A) the arrival frequency. 

2.2. Service Mechanism 

The service mechanism of a queuing system is specified by the number of routers (denoted by s), each 
server having its own queue or a common queue and the probability distribution of customer's service 
time. Let S. be the service time of the ith customer, we shall denote the mean service time of a 

customer by E(S) and \i = 1/(E(S) the service rate of a server. 

2.3. Queue Discipline 

Discipline of a queuing system means the rule that a server uses to choose the next customer from the 
queue (if any) when the server completes the service of the current customer. Commonly used queue 
disciplines are: 
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FIFO - Node are served on a first-in first-out basis. LIFO - Node are served in a last-in first-out 

manner. Priority - Node are served in order of their importance on the basis of their service 

requirements. 

2.4. Measures of Performance for Queuing Systems: 

There are many possible measures of performance for queuing systems. Only some of these will be 

discussed here. 

Let, D. be the delay in queue of the ith customer W. be the waiting time in the system of the ith 

customer = D + S Q(t) be the number of node in queue at time t L(t) be the number of node in the 

system at time t = Q(t) + No. of node being served at t 
Then the measures, 
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(if they exist) are called the steady state average delay and the steady state average waiting time in the 
system. Similarly, the measures, 

Q = Lim ^r) Q (O-dt 

T -> CO 1 (J 

l = Lim ±r-\ L(t).dt (2) 

T -> oo 1 

(if they exist) are called the steady state time average number in queue and the steady state time 
average number in the system. Among the most general and useful results of a queuing system are the 
conservation equations: 

Q ={X ) d and L = (X ) w (3) 

These equations hold for every queuing system for which d and w exist. Another equation of 
considerable practical value is given by, 

w = d + E(S) (4) 

Other performance measures are: 

the probability that any delay will occur. - the probability that the total delay will be greater than some 

pre-determined value - that probability that all service facilities will be idle. - the expected idle time of 

the total facility. - the probability of turn-always, due to insufficient waiting accommodation. 

2.5. Notation for Queues. 

Since all queues are characterized by arrival, service and queue and its discipline, the queue system is 

usually described in shorten form by using these characteristics. The general notation is: 

[A/B/s]:{d/e/f} 
Where, 

A = Probability distribution of the arrivals 
B = Probability distribution of the departures 
s = Number of routers (channels) 
d = The capacity of the queue(s) 
e = The size of the calling population 
f = Queue ranking rule (Ordering of the queue) 

There are some special notation that has been developed for various probability distributions 
describing the arrivals and departures. Some examples are, 
M = Arrival or departure distribution that is a Poisson process 
E = Erlang distribution 
G = General distribution 
GI = General independent distribution 
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Thus for example, the [M/M/l]:{infinity/infinity/FCFS} system is one where the arrivals and 
departures are a Poisson distribution with a single server, infinite queue length, calling population 
infinite and the queue discipline is FCFS. This is the simplest queue system that can be studied 
mathematically. This queue system is also simply referred to as the M/M/l queue. 

III. System Design 

The common characteristic of all markovian systems is that all interesting distributions, namely the 
distribution of the interarrival times and the distribution of the service times are exponential 
distributions and thus exhibit the markov (memoryless) property. From this property we have 
two important conclusions: 

1. State of the system can be summarized in a single variable, namely the number of node in the 
system. (If the service time distribution is not memoryless, this is not longer true, since not only the 
number of node in the system is needed, but also the remaining service time of the customer in 
service.) 

2. Markovian systems can be directly mapped to a continuous time markov chain (CTMC) which can 
then be solved. 

3.1. The M/M/1-Queue 

The M/M/l Queue has iid interarrival times, which are exponentially distributed with specified 
parameters and also iid service times with exponential distribution. The system has only a single 
server and uses the FIFO service discipline. The waiting line is of infinite size. It is easy to find the 
underlying markov chain. As the system state we use the number of node in the system. The M/M/l 
system is a pure birth-/death system, where at any point in time at most one event occurs, with an 
event either being the arrival of a new customer or the completion of a customer's service. What 
makes the M/M/l system really simple is that the arrival rate and the service rate are not state- 
dependent. 

Steady-State Probabilities: 
We denote the steady state probability that the system is in state k(k€N) by pk, which is defined by 

p k := Inn Pi, (J) .<-. 

^°° (?) 

Pk(t) Where pk(t)) denotes the (time-dependent) probability that there are 'k' node in the system at 
time t. The steady state probability p k does not dependent on t. We focus on a fixed state k and look at 
the flows into the state and out of the state. The state k can be reached from state k-1 and from state 

k+lwith the respective rates k J ^ j (the system is with probability ^ \0 ) (t) in the state k-1 at 
time t and goes with the rate from the predecessor state k-1 to state k) and '' --^--h (*) (the same from 
state k+1). The total flow into the state k is then simply ^ lW+Z^WM. The State k is left with the rate 
^") to the state k+1 and with the rate /'^(O to the state k-1 (for k=0 there is only a flow coming from 
or going to state 1). The total flow out of that state is then given by xp ^(0 + /<-?M0. The total rate of 
change of the flow into state k is then given by the difference of the flow into that state and the flow 
out of that state: 

at (5) 

Furthermore, since the pk are probabilities, the normalization condition 

(7) 

3.2. M/M/m-Queue 

The M/M/m-Queue (m > 1) has the same interarrival time and service time distributions as the M/M/l 
queue, however, there are m routers in the system and the waiting line is infinitely long. As in the 
M/M/l case a complete description of the system state is given by the number of node in the system 
(due to the memoryless property). The M/M/m system is also a pure birth-death system. 

3.3. M/M/1/K-Queue 

The M/M/1/K-Queue has exponential inter arrival time and service time distributions, each with the 
respective parameters X and |i. The nodes are served in FIFO-Order; there is a single server but the 
system can only hold up to K node. If a new customer arrives and there are already K nodes in the 
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system the new customer is considered lost, i.e. it drops from the system and never comes back. This 
is often referred to as blocking. This behavior is necessary, since otherwise (e.g. when the customer is 
waiting outside until there is a free place) the arrival process will be no longer markovian. As in the 
M/M/l case a complete description of the system state is given by the number of node in the system 
(due to the memoryless property). The M/M/l/K system is also a pure birth-death system. This system 
is better suited to approximate "real systems" (like e.g. routers) since buffer space is always finite. 

IV. Result Observation 

For the evaluation of the suggested approach a distributed optical network environment is been 
developed. 




Fig 1: optical network architecture considered 

The above figure illustrates about how the assigned nodes are established as a network. By applying 
the routing method we have got all the possible links in between the nodes. Whenever a node has to 
deliver packets to the destination from the source it has to follow the shortest path and reliable path to 
travel. This is done by the routing methodology. It is observed from the above figure that the reliable 
path is chosen and the data is passed through that path. It is represented by red dotted lines. After 
calculation of reliable path the data packets has to travel to destination in communication phase. The 
setup phase finds out which are all the possible paths shown in above figure. 

The figure 2 plot is between number of data packets and data queue. It's been observed that delay 
performance is better in proposed system when compared to conventional systems. In proposed model 
we are using queuing methods to overcome the delay. It's clearly observed that as the number of data 
packets is increasing the queue management is good in the proposed work. 
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Fig 3: Route Delay Plot 
Usually when the offered load is more the route delay will be there. The load is more means obviously 
the traffic and due to traffic congestion also will be more. In order to overcome the congestion in the 
network due to heavy traffic queuing models are used. The above plot mentions how the route delay 
varies when the offered load is increased. For the proposed method route delay is less when compared 
to the convention method. 
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Fig 4: Route Overhead 
Due to route delay the route overhead will increase. It leads to failure in data packets arrival. Chance 
of data packet loss will be there. Hence by applying queing model the problem is clearly solved. It's 
observed that even increase in communication time the route overhead is less in proposed 
methodology when compared to conventional method. 
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For any system throughput is the main parameter to be concentrated on. The above plot gives idea that 
the routing system which is used without any queing model has got less throughput when compared to 
the reliable model which we have proposed. The throughput is comparatively high when compared to 
the conventional method. Under a similar observation for different topology of network is simulated 
and observed as, 
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V. Conclusion 



In this paper authors give importance of communication system and based on its increasing usages, 
need for developments in communication area. In this paper authors identified some problems in 
optical networks and proposed a new methodology towards developing routing scheme in optical 
network. So this paper gives a clear idea about a different approach to improve the quality parameters 
based on adaptive routing mechanism. The concept of route overhead due to queue at the link points 
is considered. They developed a new model called markoivan model, to obtain an optimal routing in 
optical network so as to achieve the quality service in distributed optical network. The quality metrics 
developed for the proposed approach is observed to be higher in quality as compared to the 
conventional approach of routing scheme and finally they explained all these improvements with the 
simulation results 
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Abstract 

Deployment of wireless local area networks (WLANs) is growing consistently and demanding the support of 
multimedia applications with acceptable quality of service (QoS). This is attracting the interest of researchers 
globally. Under the optimum QoS, a number of VoIP calls can be supported by a WLAN. Distributed 
Coordination Function (DCF) and Point Coordination Function (PCF), two MAC protocols specified in the 
IEEE 802.11 standard have upper bound on VoIP connections. Under DCF mode 12 calls and in 20 calls in 
PCF mode[ 1,2, 3, 4]- In this paper we are proposing an access media mechanism in which audio data is 
transmitted in PCF mode and best-effort traffic in DCF mode. In the proposed access media mechanism, polling 
list is dynamically updated so that only those stations are polled which have voice packets ready to transmit. We 
have proposed a multi-queued MAC architecture for the access point. We considered voice traffic in CBR mode. 
The simulation results show that the maximum number of VoIP calls supported by 802.11b is 26 and 14 when 
inter arrival time for voice packets is 20 ms and 14 ms respectively. 

KEYWORDS' Medium Access, Mechanism, Multimedia Data, QoS, Bandwidth. 

I. Introduction 

In future generations of WLANs the IEEE 802.11 WLANs will influence the style of daily life of 
people. The 802.11 technology provides flexible and cheap wireless access capability. Deployment of 
an 802.11 WLAN is very easy also in hospitals, stock markets, campuses, airports, offices and many 
other work places. Multimedia applications are increasing very fast in number as well as in size. 
Demand of voice and broadband video services through WLAN connections is growing day by day. 
Real time multimedia applications require strict QoS support such as guaranteed bandwidth and 
bounded delay/jitter etc[,6,7,8,17]. In the organization of this paper section-2 describes the 
functioning of DCF and PCF modes, section -3 discusses the past work done in this direction, section- 
4 focuses on the limited QoS support in PCF, section-5 describes the proposed approach, in section-6 
simulation environment and results are discussed. 

II. BACKGROUND 

In this section, we are discussing an overview of the IEEE 802.11 standard that provides two different 
channel access mechanisms, namely the Distributed Coordination Function (DCF) and Point 
Coordination Function (PCF). Our scheme introduces the enhancements in the PCF access scheme. 

2.1 Distributed Coordination Function (DCF) 

Most of the wireless LANs in the Industrial Scientific and Medical (ISM) band uses CSMA/CA 
(Carrier Sense Multiple Access/Collision Avoidance) as the channel access mechanism. The basic 
principles of CSMA are to listen before talk and the contention. This is asynchronous message 
passing mechanism (connectionless), delivering a best effort of service, and no bandwidth and latency 
are guaranteed. CSMA is fundamentally different from the channel access mechanisms used by 
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cellular phone systems (i.e. TDMA). 

CSMA/CA is derived from the channel access mechanism CSMA/CD (Collision Detection) employed 
by Ethernet. However, collisions waste valuable transmission capacity, so rather than the collision 
detection (CD) used in Ethernet, CSMA/CA uses collision avoidance. Collision Avoidance (CA), on a 
wire, the transceiver has the ability to listen while transmitting and so to detect collisions (with a wire 
all transmissions have approximately the same strength). But, even if a radio node could listen on the 
channel while transmitting, the strength of its own transmissions would mask all other signals on the 
air. Thus, the protocol cannot directly detect collisions like with Ethernet and only tries to avoid them. 
The 802.11 standard defines the Distributed Coordination Function (DCF) as its fundamental access 
method and is based on CSMA/CA. DCF allows each multiple independent stations to interact 
without central control. Figure 1 illustrates the basic access method used in the DCF protocol. If a 
station finds a channel idle for at least a DIFS period, it sends the first frame from its transmission 
queue. If channel is busy, the station waits till the end of current transmission and then starts the 
contention. It selects a random slot time, so called back-off time from a Contention Window (CW) 
and waits for DIFS and its back-off time. 

Contention 
nypc Window 



Busy 
Medium 



Defer Access 



PIFS 
< > 



Backoff 
Window 



Select a slot & Decrease backoff as long as 
medium is idle 



Figure 1: DCF (CSMA/CA) basic access method 



The backoff time is calculated as 

T backoff =Rand (0, CW) * T slot , 

where T sht is a time slot specific to physical layer and 

Rand () is a uniform distribution random function[2]. 

The back-off time is computed to initialize the back-off timer and this timer is only decreased when 
the medium is idle. When the medium is sensed to be busy, this timer is frozen. 

When its back off timer expires, and if the channel is still idle, the node sends the frame. Thus, the 
node having chosen the shortest backoff time wins and transmits its frame. The other nodes just wait 
for the next contention (after waiting for the end of this packet transmission). Because the contention 
period is derived from a random number chosen with a uniform distribution, and done for every 
frame, each station is given an equal chance to access the channel. 

2.2 Point Coordination Function (PCF)[10,11,15] 

Periods of contention free service arbitrated by the Point Coordinator (PC) alternate with the standard 
DCF-based access (or contention period). The duration of the contention free period can be 
configured. 802.11 describes the contention-free period as providing near asynchronous service 
because the contention-free period will not always start at the expected time. 

The Contention-free service uses a centralized access control method. Access to the medium is 
restricted by the Point Coordinator, a specialized function implemented in access points. Associated 
stations can transmit data only when they are allowed to do so by the point coordinator. Contention- 
free access under the PCF resembles token-based networking protocols, with the point coordinator's 
polling taking the place of a token. Despite, access is under the control of a central entity, all 
transmissions must be acknowledged. The figure 2 illustrates the PCF access method. 
When the PCF is used, time on the medium is divided into contention-free period (CFP) and the 
contention period (CP). Access to the medium during the CFP is controlled by the PCF, while access 
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to the medium in CP is controlled by the DCF[12,13,14]. In order to be fair with contending traffic, 
the contention period must be long enough for the transfer of at least one maximum size frame and its 
associated acknowledgement. Alternating periods of contention-free service and contention based 
service repeat at regular intervals, called the contention-free repetition interval (known also as super 
frame). 

At the beginning of the CFP, the PC (which resides in AP) transmits a management frame, called 
beacon. One of the beacon role components is the maximum duration, CFPMaxDuration, of the CFP. 
The PC generates beacons at regular beacon frame intervals, thus every station knows when the next 
beacon frame will arrive. This time is called target beacon transmission time (TBTT). All stations 
receiving the beacon set the NAV to the maximum duration to lo ck out DCF based access to the 
wireless medium. The access point maintains a polling list of associated stations and polls any station 
in this list. Since time in the CFP is precious, acknowledgements, polling, data transfer may be 
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Figure 2: PCF Access Scheme 

combined to improve efficiency (as shown in figure 2. All CFP transmissions are separated by short 
inter frame spaces (SIFS), where PCF waits some time if there is no response from a polled station, to 
prevent interference from DCF traffic (both are shorter than DCF inter frame space, DIFS). 

III. Related Work 

In the past many researchers have given analytical, simulation based or experimental results on 
transmitting Voice over IEEE 802.11 WLAN. MAC protocols defined in IEEE 802.11 standards 
[1,2,19] are DCF and PCF. Performance of transmitting Voice over WLAN in DCF mode as well as 
PCF mode has been evaluated. In PCF mode various polling algorithms have been used to transmit 
Voice over WLAN in the form of the interactive human speech. 

In [3] Ali Zahedi and Kevin Pahlavan obtained the capacity of IEEE 802.11 WLAN with voice and 
data services analytically in DCF mode. Precisely the question which they answered is the number of 
network telephone calls that can be carried over WLAN with a predefined amount of data traffic or 
what is the maximum data traffic per user for a given number of voice users. Priority to voice is given 
by assigning UDP protocol for voice and TCP protocol for data. They found that in 1Mbps 
bandwidth, a maximum 18 voice users are supported with upper bound for delay of 100ms and 
decreasing upper bound for delay to 50ms which reduces maximum voice users to 14. Data traffic is 
assumed to be less than 10Kbps. 

Sachin Garg and Martin Kappes found an upper bound on the number of simultaneous VoIP calls that 
can be placed in a single cell of an 802.11b network in [4]. They performed an experiment in which 
multiple Wireless PCs running Windows 2000, were associated with the same 802.11b AP, which was 
connected to a 100Mbps Ethernet. The setup was used to make full duplex VoIP calls between a 
wireless PC and a wired PC using IP phones. For each call the ITU G.711 codec was used where 
frames are sent every 10ms. Each call results in two RTP streams, from wired to wireless and vice- 
versa. Number of VoIP connections with acceptable voice quality is tested by successively 
establishing new calls in addition to the ongoing calls. The quality of connections was monitored 
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measuring of loss, jitter and round trip time by a commercially available tool. For the first five calls, 
the quality of all the calls was acceptable. Loss (0%), round trip time (around 5ms) and jitter (around 
7ms) were all in acceptable ranges for a good quality of VoIP. When the sixth call was placed, except 
for an increase in the round-trip time for some of the connections the quality of all six simultaneous 
connections was still acceptable. As soon as the seventh call was placed, all seven wired to wireless 
streams started suffering approximately 16% loss and the call quality became unacceptable for all 
calls in this direction. All wireless to wired streams still exhibited acceptable quality. In addition to 
this experiment they obtained an upper bound for simultaneous calls analytically. They found that 
when a G.711 Codec with 20ms audio payload is used, an 802.11b cell could support only 3 to 12 
simultaneous VoIP calls. The actual number depends on the effective transmission rate of the wireless 
station, which for 802.11b can be 1Mbps, 2Mbps, 5.5Mbps and 11Mbps. 

In [6,16] practical investigation of the IEEE 802.11b MAC layer's ability to support simultaneous 
voice and data applications is done. DCF mechanism is modified and new mechanism is called Back- 
off Control with Prioritized Queuing (BC-PQ). BC-PQ addresses the two shortcomings of the DCF 
mode with respect to voice. First, it distinguishes voice packets from data packets and provides a 
higher priority to the voice traffic. Allocating separate prioritized queues for voice and non-traffic 
does this. Secondly, in addition to priority queuing, the enhanced AP transmits voice packets using 
zero back-off instead of random back-off as required by the 802.11b standard. The key parameter 
used to quantify voice performance is packet loss. 

Jing-Yuan Yeh and Chienhua Chen in [7] proposed three polling schemes (RR, (FIFO, Priority and 
Priority Effort-Limited Fair) combined with the Point Coordination Function (PCF) to improve the 
utilization of the wireless channel and support certain Quality of Service of multimedia traffic. The 
polling schemes proposed in [8] are-Round-Robin Scheme (RR), First-In-First-Out Scheme (FIFO), 
Priority Scheme, Priority Effort-Limited Fair Scheme. All the above-mentioned polling schemes are 
simulated with the network simulator OPNET in [7]. It is found through simulations that all these 
schemes perform better than the DCF mode. To achieve the maximum throughput in a BSS, the FIFO 
scheme is found to be the best. Priority Scheme provides a simple way to support QoS of traffic; 
however this scheme can exhaust all the bandwidth of best-effort traffic. The Priority-ELF scheme 
achieves high utilization of wireless channel in case of the bursty traffic. 

In [9,10,15] the capability of the Point Coordination Function (PCF) to support Voice over IP (VoIP) 
applications is evaluated. The capability of PCF mode in support of variable bit rate (VBR) VoIP 
traffic is investigated, where the silence suppression technique is deployed in voice codec so that no 
voice packets are generated in silence periods. Simulation shows that under the PCF using VBR mode 
for the VoIP traffic may effectively reduce the end-to-end delay of VoIP. Simulation is carried out in 
the OPNET network simulator. The upper bound for number of VoIP connections in CBR mode is 
found to be 15 and in VBR mode it is 22. Brady's model and May and Zebo's models are used for 
VBR voice traffic. 

E. Ziouva and T. Antonakopoulos in [12] proposed a new dynamically adaptable polling scheme for 
efficient support of voice communications over IEEE 802.11 networks. They proved analytically that 
when silence detection is used their scheme improves the capability of IEEE 802.11 wireless LANs 
for handling voice traffic efficiently. Their polling scheme is called Cyclic Shift and Station Removal 
Polling Process (CSSR). 

In [11] a distributed fair queuing scheme called Distributed Deficit Round Robin (DDRR) is proposed 
which can manage bandwidth allocation for delay sensitive traffic. The question which is answered in 
this paper is how many voice and video connections can be accommodated in an 802.11 WLAN 
satisfying the imposed QoS requirements under different scheduling schemes. 

Xiyan Ma, Cheng Du and Zhisheng Niu in [14] proposed two adaptive polling list arrangement 
schemes called Dynamic Descending Array (DDA) and Hybrid DDA and RR (HDR) in order to 
decrease the average delay of the voice packets, by means of reducing the possibility of null polls. 
One scheme is called Dynamic Descending Array (DDA) and the other scheme is a combination of 
DDA and traditional Round-Robin scheme and is called Hybrid DDA and RR (HDR). 

IV. PCF with Limited QoS Support 

Although the contention-free service is designed in 802.11 networks to provide QoS for real-time 
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traffic, this service also have some limitations[8,9]. In the following we describe main limitations 
related PCF- 

• Unpredictable beacon delay-The problem is related to the uncontrolled length of CP. 
Indeed, the minimum length of the CP is the time required to transmit and acknowledge one 
maximum frame size. It is possible for the contention service to overrun the end of the CP, 
due to transmission of a contending traffic. When the contention based service runs past the 
TBTT, the CFP is foreshortened, and hence the beacon is delayed. 

• Unknown transmission time of polled stations- A station which is polled by the PC is 
allowed to send a single frame that may be fragmented and of arbitrary length, up to 
maximum of 2304 bytes (2312 bytes with encryption). Furthermore, different modulation and 
coding schemes are specified in 802.11a, thus the duration of the MSDU delivery that 
happens after the polling is not under the control of PC. This may destroy any attempt to 
provide any QoS to other stations that are polled during the rest of the CFP. 

• No Knowledge of the offered traffic at the stations- With CFP, the access point (AP) has 
any knowledge of the offered traffic at the polled stations. Thus, when polling the different 
stations with a round-robin scheduling algorithm, the PC may waste a lot of time until polling 
a special station having critical time traffic (e.g., CBR traffic). This may affect the QoS 
parameters for these traffic categories. Hence, with PCF there is no efficient scheduling 
algorithm, which has the knowledge of the different traffic categories at associated stations 
and uses this knowledge in order to meet the requirements (e.g., latency, bandwidth) of these 
different traffic categories. 

V. Proposed Mechanism to Access Media 

5.1 Overview 

In this section we will discuss our proposed access media mechanism to transmit voice over WLAN. 
In our scheme also we use PCF mode to transmit voice and DCF mode to transmit Best-Effort traffic. 
A lot of valuable bandwidth is wasted when a station which has nothing to transmit is polled. Keeping 
all the stations in polling list and polling them in Round-Robin manner hampers the channel 
utilization severely. We propose a dynamic polling list arrangement to poll only those stations which 
have data to transmit. Also in our scheme, the downlink voice traffic from AP is combined with CF- 
Poll which can significantly reduce the overhead and thus may improve the channel utilization. We 
give the MAC architecture of a WLAN station and the MAC architecture of the access point 
respectively. How the polling list is handled dynamically is discussed in the section 5.4. 

5.2 MAC Architecture of WLAN Station 

MAC architecture of a WLAN station in our scheme is shown in the figure 3. Each station maintains 
two queues at its MAC layer, one for voice traffic and the other for Best-Effort traffic. When a frame 
arrives at the MAC layer of a WLAN station from its upper layers a classifier checks whether it is a 
voice frame or Best-Effort data frame, and accordingly it is put in the voice queue or Best-Effort 
queue. When a station is polled in the CFP it transmits the voice frame from the head of the voice 
queue. The frames from the Best-Effort queue are transmitted in DCF mode in the CP. 

Multimedia Traffic from upper layers 

Best Effort Traffic 



Transmission Medium 



Figure 3: MAC Architecture of Station 
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5.3 MAC Architecture of the Access Point 

MAC architecture of the access point, in our scheme is shown in the figure 4. The AP maintains one 
queue for Best-Effort traffic and (Poll Limit +1) queues for voice traffic at its MAC layer. Poll Limit 
is the maximum number of stations which can be kept in the polling list in our Dynamic Polling 
arrangement scheme discussed in 4.4. When a frame arrives at the MAC layer of the AP, a classifier 
checks whether it is a voice frame or data frame and accordingly it takes its path as shown in the 
figure 4. If it is a data frame, it simply enters the Best-Effort queue and is transmitted in CP using 
DCF method. Otherwise, if it is a voice frame, further it is checked whether the destination station is 
in polling list or not. In case destination station is not in the polling list, it is checked whether number 
of stations in polling list exceed Poll_Limit or not. If they exceed then the frame enters the Non_Poll 
queue, otherwise destination station is added in the polling list and the frame takes the path as shown 
in the figure 4. The frame enters the Non_Poll queue as shown in figure 4. On the other hand, if the 
destination station is in the polling list, then the frame enters queue for its destination station among 
Poll_Limit queues. 

5.4 Dynamic Polling list arrangement 

The main issues in maintaining a polling list are how to add a station in the polling list and how to 
remove a station from the polling list. 

5.4.1 Adding a station in the polling list: 

The stations which want to transmit voice frames in CFP send Resource Reservation (RR) request in 
CP in controlled contention interval (CCI). A CCI is started when the PC sends a specific control 
frame. Only those stations which want to transmit voice in the CFP contend in CCI using CSMA/CA. 
In case of collision between RR requests no retransmission is done. Corresponding stations can send 
their RRs in the next CCI. If a downlink frame arrives at the MAC layer of the AP and the destination 
station is not in the polling list, in this scenario if number of stations in the polling list is less than Poll 
Limit then the destination station is added to the polling list. 

5.4.2 Removing a station from the polling list: 

A station is removed from the polling list when its connection time is over. 
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Figure 4: MAC Architecture of a Polling List 
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VI. Simulation Studies on the Proposed Access Media Mechanism 

6.1 Overview 

We have simulated the proposed access media mechanism in C programming language. All the 
parameters considered for simulation are also given in the table 1. Finally simulation results are 
discussed in the section 5. 3. Parameters used for simulation are shown in the table 1. The simulation is 
run for 85000 cycles of contention-free repetition interval. The results of initial warm-up period of 
5000 cycles are ignored. 

6.2. Maximum Number of VoIP Connections in 802.11b 

Calculation shows that given the 11 Mbps rate and 128kpbs needed for duplex VoIP calls. But due to 
network layer protocol, inter frame space, beacon frame, poll frame, CF-end frame and channel 
utilization is around 30% of the total payload. Figure 5 shows the plot between number of VoIP 
connections and average packet delay when the inter arrival time is 20ms. We see in that case the 
maximum number of voice calls is 26; the uplink average packet delay goes up abruptly. We see when 
there is no best-effort traffic the maximum number calls supported by 802.11b is 26. 

Table 1: Simulation Parameter 



PHY Layer Specifications 


DSSS 


Transmission Rate 


11Mbps 


Beacon Interval 


60ms 


Beacon Size 


106 bytes 


QoS Acknowledgement 


14 bytes 


CF-Poll Frame Size 


34 bytes 


CF-End Frame Size 


20 bytes 


PLCP Preamble 


18 bytes 


PLCP Header 


6 bytes 


SIFS Time 


lOus 


PIFS Time 


30us 


DIFS Time 


50us 


A Slot Time 


20us 


Nccop 


5 


RTP Header 


8 bytes 


UDP Header 
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IP Header 
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MAC Header 
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CWmax 
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Retry limit 
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Figure 5. Number of VoIP vs. Average Packet Delay 
(Inter Arrival Time is 20 ms) 
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6.2 Simulation Results 

In another case, Figure 6 shows the plot between number of VoIP connections and average packet 
delay when the inter arrival time is 10ms. We see in that case the maximum number of voice calls is 
14; the uplink average packet delay goes up abruptly We see when there is no best-effort traffic the 
maximum number calls supported by 802.11b is 14. 
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Figure 6. Number of VoIP vs. Average Packet Delay 
(Inter Arrival Time is 10 ms) 



As the best-effort traffic increases up to 10% the numbers of voice calls in this case are 24 and 13. 
This is shown in figure 7 and figure 8. 
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Figure 7. Number of VoIP Connections vs. Average Packet Delay 
(Inter arrival Time is 20 ms) 
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Figure 8. Number of VoIP Connections vs. Average Packet Delay 
(Inter arrival Time is 10 ms) 

Conclusion 



In this work we studied the VoIP over the 802.11 networks, for the perspective of number of the 
connections that an access point can support. We found that the maximum number of full duplex VoIP 
connections supported by 802.11b is 26. Our access media mechanism improves on the maximum 
number of VoIP connections supported. This enhancement is due to efficient utilization of the 
available bandwidth hence will support to multimedia real time applications as well. 
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Abstract 

The human Activities are Constantly adding industrial, domestic and Agricultural wastes to the ground water 
reservoirs at an alarming rate . In the last few decades, parallel with rapidly developing technology, increase in 
population and urbanization we have been witnessing alarmed phenomena all over the world. Anthropogenic 
activities including generation and indiscriminate disposal of solid wastes and extensive use of fertilizers have 
resulted in increasing levels of air, water and soil pollution, changing land use patterns, decrease in arable land 
and other dominant problems. The thematic map of the study area is prepared from linearly enhanced fused 
data of IRS -ID PAN and LISS-III merged satellite imagery and Survey Of India (SOI) toposheets on 1:50,000 
scale using visual interpretation technique and using AutoCad and Arc/Info GIS software forming the spatial 
database. 

KEYWORDS' Thematic maps, groundwater quality, remote sensing and GIS 

I. Introduction 

Man needs Land for domestic purposes such as cooking, cleaning utensils, gardening, washing clothes 
and above all for drinking. It is also needed for commercial, industrial and recreational purposes. 
Land used for such purposes should be not polluted, but should be of good quality. Urbanization and 
industrialization have directly or indirectly polluted most of the land sources on a global scale. Impact 
studies can contribute to improve urban development and environmental planning at the project and 
policy levels and it also introduces analytical tools to support such planning. Remote sensing 
applications have been operationalized in most of the natural resource management themes and at 
present the trend is on integrated surveys to arrive at sustainable developmental packages. Keeping 
this in view, an attempt is made. 

II. Study Area 

The Maripeda Mandal lies geographically between latitudes 17° 20' 00" and 17° 35' 00" and 
longitudes 79°45 00 to 80° 00' 00" is covered in the Survey of India toposheet numbers 56 0/14 and 
56 0/15. It is one of the 51 Mandals of Warangal district, in Andhra Pradesh. Maripeda town is at a 
distance of 90 kms. from Warangal (District H.Q.) and 120kms from Hyderabad (State Capital). 
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2.1 Study Objectives 

> To prepare the digital thematic maps namely Base map, Transport network map, Geomorphology 
map, Ground Water Potential map, Land use/ Land cover, Hydro geomorphology, Physiographic 
map, Waste land map, Drainage map etc. using satellite data, collateral data and field data on 
ARC/INFO GIS platform. This constitutes the spatial database. 

III. Methodology 

3.1 Data collection 

Different data products required for the study include Survey of India (SOI) toposheets bearing with 
numbers 560/14 and 560/15 on 1:50,000 scale. Fused data of IRS-1D PAN and LISS-III satellite 
imagery obtained from National Remote Sensing Agency (NRSA), Hyderabad, India. Collateral data 
collected from related organizations, comprises of water quality and demographic data [2]. 

3.2 Database creation 

Satellite imageries are geo-referenced using the ground control points with SOI toposheets as a 
reference and further merged to obtain a fused, high resolution (5.8m of PAN) and colored (R,G,B 
bands of LISS-III) output in EASI/PACE Image processing software. The study area is then 
delineated and subsetted from the fused data based on the latitude and longitude values and a final 
hard copy output is prepared for the generation of thematic maps using visual interpretation technique 
as shown in Figure 1. These thematic maps (raster data) are converted to vector format by scanning 
using an A0 flatbed deskjet scanner and digitized using AutoCAD software for generation of digital 
thematic maps using Arc/Info and ARCVIEW GIS software. The GIS digital database consists of 
thematic maps like land use/land cover, drainage, road network using Survey of India (SOI) 
toposheets and fused data of IRS - ID PAN and IRS-ID LISS-III satellite imagery (Figure 2). 

IRS SATELLITE IMAGE SHOWING AREA OF MARIPAD MANDAL, WARANGAL Dt., A.P.(KHARIF) 




Figurel. Fused satellite imagery 



3.2.1 Spatial Database 

Thematic maps like base map and drainage network maps are prepared from the SOI toposheets on 
1:50,000 scale using AutoCAD and Arc/Info GIS software to obtain a baseline data. Thematic maps 
of the study area was prepared using visual interpretation technique from the fused satellite imagery 
(IRS-ID PAN + IRS-ID LISS-III) and SOI toposheets along with ground truth analysis. All the maps 
are scanned and digitized to generate a digital output (Figure 1). 
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IV. Results and Discussion 

4.1 Village Map 

This shows the geographical locations of all villages in the Mandal is called Village Map [1]. This 
map is prepared by digitization of the maps of Central Survey Office. Revenue boundaries of all the 
villages are plotted in this map. The entire data of the village available is attached to this Map as 
database using GIS. This database is very useful to know the present scenario of a village. This map is 
used for analyzing village wise land resources. In the study area there are 23 revenue villages, out of 
these Maripeda, which is the Mandal head quarter. By preparing the Village map feature of the 
individual village can be easily identified. 

4.2 Base map 

It consists of various features like the road network, settlements, water bodies, canals, railway track, 
vegetation etc. delineated from the toposheet. The map thus drawn is scanned and digitized to get a 
digital output. The information content of this map is used as a baseline data to finalize the physical 
features of other thematic maps. 

4.3 Transport Network Map 

In the study area all the settlements are connected either by Metalled road or Un-Metalled road. 
Where as, State Highway connects Maripeda. Railway network does not exist in the Maripeda 
Mandal. The nearest railway station is Khammam, which is at a distance of 18kms SouthEast of 
Maripeda village. 

4.4 Drainage 

Drainage map is prepared by using Survey of India Topographic maps on 1:50,000. All the streams 
and tanks existing in the study area are marked in this map. These streams further classified based on 
stream ordering. Only two minor rivers namely Palleru and Akeru exists [3]. The drainage system 
existing is dendritic. Tank bunds are also marked in the map. 

4.5 Watershed characteristics: 

The watershed map is prepared in accordance with the National Watershed Atlas and River Basin 
Atlas of India, 1985. According to this, India is divided into 6 regions out (watershed Atlas of India, 
1990) of which the present study area comes under Region-4 and part of basins D, catchment l,sub- 
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catchment C,D. The study area is under sub-catchment C watersheds (4D1C6,4D1C7) and under D 
sub-catchment. (4D1D2) are coming under these watersheds 71 sub- water sheds has delineated [4] . 

4.6 Slope map 

Slope classes 1, 2 and 3 are observed in the study area. Most of the study area is covered by nearly 
level, very gently, gently slope class (92%). Small part of the study area (4%) comes under 
moderately sloping class 4 and ( 2%) study area comes under the strongly sloping class 5 (IMSD 
Technical Guidelines, 1995). 

4.7 Land Use/Land Cover 

The land use/land cover categories such as built-up land, agriculture, forest, water body and 
wastelands have been identified and mapped from the study area (Figure 3). Major part of the study 
area is covered with single crop and double crop (93%). About (0.015%)of the study area is under 
built-up land and Industrial area is( 0.017%). From the satellite data the agriculture area (96.05%) 
could be clearly delineated as four categories, single crop, double crop, fallow land and plantations 
[5]. Though single crop and double crop has been observed at various parts of the study area and 
plantations are observed at some places of the study area. Water bodies occupied( 0.18%). About 
(0.46%) of the study area is under scrub forest and( 4.21%) of area is under wasteland. Under this 
category land with scrub (3%), land without scrub (0.24%) and barren sheet rock area (0.09%) are 
observed (Figure 3). 
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4.8 Geomorphology 

The geomorphological classes observed in the study area are Pediplain with moderate weathering 
(PPM) (42%), Pediplain with shallow weathering (PPS) (31%), valley (v) (14%), pediment (PD) 
(8%), pediment inselberg complex (PIC) (2%) ,inselberg (1%) ,pediment (1%) and dyke and dyke 
ridge (0.12%). 

4.9 Geology: 

The study area constitutes mainly a granitic terrain (pink-grey) exposive a variety of archaean 
granitorides of peniusular gneissic complex (PGC) and schistoic (older metamorphic) rocks. They are 
intruded by basic dykes (Proterozoic) and covered locally by the deccan traps (upper cretaceous to 
lower Eocene) [6] . The geological categories observed in the study area are mainly granite (98%), 
basalt (2%), and some of lineaments, dolerites and pegmatites . 

4.10 Soil 

The specific objectives of soil mapping are identification, characterization and classification of the 
soils of the area. The soil types identified in the study area are (1) loamy-skelital,mixed, 
rhodicpaleustalfs (55%). (2) Fine loamy, mixed, fluventicustropepts (10%) (3) Fine, 
montmorillonitic, typichaplusterts (35%). 

4.11 Groundwater potential 

The groundwater potential map is prepared based on the analysis of various themes such as 
geomorphology, land use / land cover, lineament, intersection points, drainage pattern, lithological 
evidences by using converging evidence concept, besides the collateral data obtained from State 
Groundwater Board with necessary field checks [7] . The groundwater potential map reveals the 
available quantum of groundwater and is delineated into zones showing high (53%), medium (30%), 
low (17%), groundwater potential areas. 

V. Conclusions and Recommendations 

1. Through the analysis of soils attribute data, it is clear that 39% of the study area is effected 
by erosion. In future this may lead to sedimentation and other consequential problems to the 
major water bodies of study area. This could be best controlled by construction of gully 
control bunds and extensive reforestation or through agricultural soil conservation and 
management practices. 

2. As irrigation water requirement varies with different crops, cropping pattern in the study 
area is to be changed for optimum utilization of this resource. Crops like pulses, vegetables 
should be cultivated, which may result in the reduction of water requirement as well as 
fertilizer and pesticide load in the study area. 

3. The three key activities that are essential for the development of a watershed area are, 

• Irrigation management 

• Catchment management 

• Drainage basin monitoring and management 

To address these three activities planners need physical characteristic information on 
comprehensive lines. Hence, the present work, concentrated on the development of physical 
characteristics for this study area.The planners at execution level can rely upon such kind of 
physical characteristic information system for various other watersheds. 

4. This study has been concluded to above stated findings. But this study will be useful as 
input base line data for models like LWAT (Land and Water Assessment Tool) that give 
more precise and detailed long term predictions on land and water resources. 
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Abstract 

The number of internet connected devices is increasing terrifically, with each device assigned a unique Internet 
Protocol (IP) address at a time. Hence the expected problem of IPv4 address exhaustion in the near future 
called for a better and permanent solution, which is switching to IPv6. Adoption and deployment of IPv6 
recorded a fast growth rate globally, though the slow growth rate recorded in Africa was suspected to be due to 
the poor capacity building and the level of the IPv6 awareness campaign in the region. It was concluded that 
the developmental strategies created to help in the deployment of IPv6, such as the global awareness campaign, 
was confirmed effective. Also the World IPv6 day provides a 24 hours experiment to uncover the challenges of 
the transition to IPv6 and to develop measures to resolve them. 

KEYWORDS: Internet, IPv4, IPv6, RIRs, AfriNIC, ISP. 

I. Introduction 

Today, most electronic devices such as mobile phones, Personal Digital Assistants (PDAs), PCs, 
Internet telephones, etc use in homes and other places, rely on the internet technology for their various 
services. The internet connected devices use the internet protocol (IP) address to communicate over 
the network with each device assigned a unique IP address. This means that, for any device to 
communicate through the internet, it must be assigned an IP address. Most private and business 
application services (online transactions), including social activities such as Facebook, Twitter, 
Yahoo, etc., depend on the IP address for their functions. Thence, the tremendous growth rate in the 
number of internet connected devices and high dependence on the internet for human daily activities 
have caused the expected exhaustion of the long-time used IPv4 addresses. 

The two versions of IP currently in use; Internet Protocol Version Four (IPv4) and Internet Protocol 
Version Six (IPv6), with the IPv6 adopted proactively to solve the expected problem of the first and 
widely used version (IPv4) exhaustion in the future. The Number Recourse Organization (NRO), 
made up of five regional internet registries (RIRs) was set up to work together at global and regional 
levels to promote the transition from IPv4 to IPv6 and layout strategies to manage the distribution of 
the remaining unallocated IPv4 address pool [2]. 

The objective of this paper is to examine the possible solutions towards the transition challenges, 
focusing on the situation in Africa which reveals the situation in most other developing nations or 
regions in the world. This will lead to a thorough look at the global experiment and awareness 
campaign on the world IPv6 day, which was setup to uncover the transition problems and develop 
strategies to resolve them. 

The analysis carried out in this work will be limited to the African IPv6 deployment from 1984 to 
2011 to justify the IPv6 promotion campaign realized through this 24-hour global experiment carried 
out every year. 

Section two discussed the internet protocol (IP) versions; Internet Protocol version four (IPv4) and 
Internet Protocol version six (IPv6). The regional internet registries (RIRs) and their functions are also 
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presented. Section three discussed the transition from IPv4 to IPv6 the importance of the transition 
and the trend. Section four presents the results of the deployment statues of IPv6 in Africa, the 
situation in most of the countries in the region and the measure to improve the situation. Section five 
presents the conclusions and recommendations. 

II. Overview 

Internet Protocol is a set of technical rules that define how computers communicate over a network 
[6]. There are currently two versions [6]: IP version 4 (IPv4) and IP version 6 (IPv6). IPv4 was the 
first version of Internet Protocol to be widely used and still accounts for most of today's Internet 
traffic. There are just over 4 billion IPv4 addresses. While that is a lot of IP addresses, it is not enough 
to last forever. IPv6 is a newer numbering system to replace IPv4. It was deployed in 1999 and 
provides far more IP addresses [6], which are expected to meet the need in the future. All internet 
connected devices and websites have an IP address so that the internet's servers know where to send 
information to. When a website's address (or URL) is typed into a browser, the system needs to 
convert it into an IP address so that it knows which computer to connect to [9]. To do this, the system 
uses the internet's equivalent of a phonebook, known as the Domain Name System (DNS). At the 
moment, the vast majority of IP addresses in the DNS resolve to IPv4 - the current standard for 
addresses. So even if you have an IPv6-enabled machine that is connected to an IPv6-enabled 
network, you will still be connected to another computer or website using IPv4. Some websites have 
been set up to use IPv6, but generally you need to type in a special web address (such as 
http://ipv6.sanger.ac.uk, or http://ipv6.google.com) to connect using the new protocol [9]. 
A global experiment and awareness campaign on the World IPv6 day has been set up to uncover the 
transition problems and develop strategies to resolve them. Google, Facebook, Yahoo, Akamai, and 
Limelight Networks will be some of the organizations offering their content over IPv6 for a 24-hour 
'test flight' [1] [14]. The goal is to motivate organizations-Internet-service providers, hardware 
makers, operating-system vendors and web companies-to prepare their services for IPv6, ensuring a 
successful transition as IPv4 addresses run out [14]. On World IPv6 day, the Sanger Institute, along 
with more than 300 organisations, advertise both IPv4 and IPv6 addresses in the DNS [9]. This will 
allow users with IPv6-enabled devices to connect via IPv6 without need to use the special address. 
IPv4 and IPv6 will coexist on the Internet for many years [7]. Users without IPv6 connectivity will 
continue to access the sites using IPv4 as normal [9] for the moment but with little or increasing 
restriction in the future. In comparison (Table 1) the major difference between IPv4 and IPv6 is the 
number of IP addresses. Although there are slightly more than 4 billion IPv4 addresses, there are more 
than 16 billion-billion IPv6 addresses [6]. 

Table 1: Comparing IPv6 and IPv4 [6] 





Internet Protocol version 4 
(IPv4) 


Internet Protocol version 6 (IPv6) 


Deployed 


1981 


1999 


Address size 


32-bit number 


128 -bit number 


Address format 


Dotted decimal 
notation: 192. 168.0.202 


Hexadecimal 
notation:3FFE:0400:2807:8AC9::/64 


Number of addresses 


2 A 32 


2 A 128 



2.1. Regional Internet Registries 

Regional Internet Registries (RIRs) are independent, not-for-profit membership organizations that 
support the infrastructure of the Internet through technical coordination [2]. There are five RIRs in the 
world today (Figure 1). Currently, the Internet Assigned Numbers Association (IANA) allocates 
blocks of IP addresses and ASNs, known collectively as Internet number resources, to the RIRs, who 
then distribute them to their members within their own specific service regions. RIR members include 
Internet Service Providers (ISPs), telecommunications organizations, large corporations, 
governments, academic institutions, and industry stakeholders, including end users. The RIR model of 
open, transparent participation has proven successful at responding to the rapidly changing Internet 
environment. Each RIR holds one to two open meetings per year, as well as facilitating online 
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discussion by the community, to allow the open exchange of ideas from the technical community, the 

business sector, civil society, and government regulators. 

ThefiveRIRsare[2]: 

AFRINIC - Africa region 

APNIC - Asia and Pacific region 

ARIN - Canada, many Caribbean and North Atlantic islands, and the United States 

LACNIC - Latin America and parts of the Caribbean 

RIPE NCC - Europe, Parts of Asia and the Middle East 




Fig. 1: The RIRs and the general areas of responsibility (courtesy of NOR) [5] 
Each RIR performs a range of critical functions including [2] : 

• The reliable and stable allocation of Internet number resources (IPv4, IPv6 and AS Number 
resources) 

• The responsible storage and maintenance of this registration data. 

• The provision of an open, publicly accessible database where this data can be accessed. 

• RIRs also provide a range of technical and coordination services for the Internet community. 

2.2. IPv4 Current Status 

The IPv4 address space is a 32 bit field. There are 4,294,967,296 unique values, considered in this 
context as a sequence of 256 78s", where each 78" corresponds to 16,777,216 unique address values. 
In adding up these special purposes use address reservations there are the equivalent of 35.078 /8 
address blocks in this category [11]. This is composed of 16 /8 blocks reserved for use in multicast 
scenarios, 16/8 blocks reserved for some unspecified future use, 1 /8 block (0.0.0.0/8) for local 
identification, a single /8 block reserved for loopback (127.0.0.0/8), and a /8 block reserved for 
private use (10.0.0.0/8). Smaller address blocks are also reserved for other special uses. The 
remaining 220.922 /8 address blocks are available for use in the public IPv4 Internet. IANA holds a 
pool of unallocated addresses, while the remainder has already been allocated by IANA for further 
downstream assignment by the RIRs [11]. The current status of the total IPv4 address space is 
indicated in figure 2. 
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Fig. 2: Address Pool Status [11] 
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The current RIR address status (Table 2) which shows the present situation in the various RIRs based 
on the amount of the assigned addresses and the remaining addresses. 

Table 2: The current RIRs address status 



RIR 


Assigned Addresses (/8s) 


Remaining Addresses (/8s) 


AFRINIC 


8.5854 


4.4107 


APNIC 


53.7944 


1.2055 


ARIN 


77.9392 


5.9865 


LACNIC 


15.3909 


4.6091 


RIPE NCC 


45.2077 


3.7923 



Stephen Groat, et al [18] testified the eminence of the migration from IPv4 to IPv6 addresses. They 
argued that current methods of IPv6 address assignment, both stateful and stateless, use static 
identifiers that allow geotemporal tracking of users, monitoring and correlation of traffic over 
multiple sessions, and targeting for system-specific cyber-attacks. Susan Trulove [19] from Virginia 
Tech discussed the need for the IPv6 to replace the 20-year-old internet protocol version 4. Mark Tink 
[20] discussed the readiness for effects of IPv4 exhaustion, the dual-stack IP deployment on May 
2007 and the transition from IPv4 to IPv6 addresses in Africa. John Loughney [21] carried out 
research on IPv4 allocation pool exhaustion and the switch to IPv6 addresses. He concluded that IPv4 
addresses will run out, but there sre going to be some dynamic issues which affect this. According to 
him, public IPv4 addresses may be needed for transition, so earlier usage of IPv6 can help. Silvia 
Hagen [22] in a brief study about IPv6 discovered that Asia especially Korea, China, Japan and India 
have embraced IPv6. She further argued that USA and Europe are planning for IPv6 deployment but 
nothing was found describing what Africa has done to prepare for IPv6 deployment. 

III. The Transition 

The internet is fast running out of addresses [9], [23]. By the end of the year it is thought that almost 
all the available addresses for computers, smartphones and websites will have been exhausted [9]. The 
best solution to ensure that the web can grow to its full potential is to change the way the system reads 
websites' addresses by moving to the next generation of addresses, known as IPv6. However, this 
system has never been used at a global scale and potential problems need to be uncovered before it 
can become the internet's new standard. The leading internet providers and websites collaborated in a 
24-hour global experiment - World IPv6 day. The goal of this day is to tackle this pressing issue and 
drive forward the change needed ensure the continued delivery of full and free access to data and 
resources to the research community via the web [9]. 

On Wednesday 8 June, more than 300 organizations, institutions, companies and governments under 
went a trial experiment of the future language of the internet: World IPv6 day. From lam Nigerian 
time to lam (Nigeria time) on Thursday morning, alongside Facebook, Google, Cisco, Yahoo, Sony, 
universities and many US Government departments, some institutions such as the Sanger Institute 
opened its websites to visitors using two methods of delivery [9]: the current standard of IPv4 and the 
future standard of IPv6. 

This change is needed because IPv4 is about to run out of addresses [23] for all the websites, 
computers, smartphones and internet-enabled devices that are coming on stream. In fact, the last 
major batch of available IPv4 addresses (about 80 million of them) was given out in a ceremony on 3 
February 2011 [9], [15] [24]. It is expected that all these addresses will have been taken by September 
2011 [9]. 

The move to IPv6 is facing challenges. Although the new addressing system was designed in the 
1990s and its technical foundations are now well established, not everyone is using currently 
equipment that can handle IPv6. It is estimated that roughly 0.05% of internet users will not be able to 
connect to websites that offer both IPv6 and IPv4 (a system known as 'dual stacking') [9]. IPv4 and 
IPv6 will coexist on the Internet for decades, creating the need for additional transition mechanisms 
because the dual-stack model won't solve all of the emerging problems for network operators [25]. 
To uncover any problems that might occur with a switch to IPv6, and to create an event to drive 
forward the change, the Internet Society is coordinating a global experiment. The society - a charity 
dedicated to ensuring the open development, evolution and use of the internet - is using this day-long 
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event, to create a common focus to bring together all stakeholders in the internet to resolve any issues 
[9]: from governments and universities, to internet service providers, operating system suppliers and 
hardware manufacturers. 

3.1. IPv6 Deployment Trend 

Globally, the rate of the IPv6 deployment is growing super-linearly [17] (Figure 3) showing the 
response towards the adoption of the future promising technology. 
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Fig. 3: IPv6 deployment growth [17] 
The NRO announced that the rate of new entrants into the IPv6 routing system has increased by 
approximately 300 percent over the past two years. This growth has been attributed to the active 
promotion of IPv6 by the five RIRs and their communities [2]. 

IV. Results and Discussion 

The IPv6 adoption and deployment status in Africa was drawn from 1984 to 2011 as shown in figure 
4. The results were based on the latest information on IPv6 Addresses allocated in the AfriNIC region 
[4]. The deployment which was further categorized into countries (Figure 5) in the region also 
revealed the poor rate of IPv6 deployment, recorded in most the countries. 
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Fig.4: IPv6 Addresses (Yearly) [4] 



319 | 



Vol. 2, Issue 1, pp. 315-322 



International Journal of Advances in Engineering & Technology, Jan 2012. 

©IJAET ISSN: 2231-1963 




| South Africa <47> □Other <31> 



■ Ktnya (22^ 

Mauritius <I2) 

I I Ghana <3> 
~] Tanzania (6 J 
| Zimbabwe C 4 J 
H Rwanda £4* 



I I Nigeria U6> 
■ Egypt <9> 

| Uganda <7^ 
I I Zambia <5> 
I I Sudan <4> 



Fig.5: IPv6 Address by Country [4] 
Note that "Other" refers to all countries that have less than 2% of the total. 

South Africa recorded the highest percentage of the IPv6 address allocation followed by Kenya and 
Nigeria with 26%, 12% and 9% respectively (Figure 5). According to the result, twelve countries in 
Africa recorded 2% and above of the IPv6 address allocation and the remaining greater number of 
countries recorded less than 2% of the allocation indicating little or no awareness of the future internet 
communication technology in most countries in Africa. 
The poor IPv6 adoption in Africa as reflected in the results was attributed to the following: 

• People are not aware of additional benefits IPv6 should bring in their lives; thereby, nothing 
is motivating them especially in the dynamic sustenance towards IPv6. The main cause is the 
fact that there is no active e-strategy program in the different government/ political policy 
agenda. 

• The continent on its entirety lacks the general IPv6 consciousness-raising campaign for total 
capacity building programs. Many organizations including AFRINIC tried to initiate some 
capacity building programs upon IPv6 for the attention of mainly some technical bodies such 
as the Internet Service Providers (ISPs). Since then, not sure those things are going ahead at 
the expected speed. It should not be strategic to begin the consciousness-raising campaign 
focusing on those specific bodies. 

• Many ISPs in Africa are not yet aware on the technical/business benefits of IPv6. Some of the 
ISPs in Africans are still relying on the simple seem fact that since IPv4 is working well 
presently, it is not cost-effective should they change or remove it. 

4.1. The Consequences of Delay in Ipv6 Deployment 

Without a dual-stacked network or deployed protocol translation services, an individual user gaining 
Internet access for the first time from an IPv6-only ISP may not be able to access the Web sites or 
mail servers for organizations that operate IPv4-only networks [8]. There are implications to not 
adopting IPv6. These implications become evident as wide-scale deployment of IPv6 accelerates. Not 
adopting IPv6 may cause the following types of issues for the various types of Internet users [8]: 
Individual Users: Individual users may not be able to view Web sites and communicate with certain 
destinations. Many individuals use the Internet to communicate with distant friends and family, 
research medical issues, and participate in group discussions among other things. 
Enterprise Organizations: Enterprise organizations and corporations may not be able to 
communicate with certain critical government resources, clients, and potential customers. E-mail is a 
critical form of communication for most enterprise organizations today and their Web sites are vitally 
important resources for them to communicate with the public. 
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Governments: Governments may lose their ability to see and communicate with the "whole 
Internet." Access to information is critical for governments. There also may be an inability for citizens 
and other Internet users to access information about the government and communicate over the 
Internet with government agencies. 

Service Providers: Organizations that provide services over the Internet may experience customer 
and/or revenue losses if they do not update their offerings to include IPv6. Customers will expect to 
be able to communicate with everyone else on the Internet and may seek out other ways to do that if 
their current service provider is not capable. 

4.2. The Way-out 

In other to facilitate the rate of IPv6 deployment, the various levels of governance (government, 
academic/ business organizations, etc) in African countries should in their day-to-day policy making 
include as an agenda, active e-strategy programs to help not only in the imperative deployment of 
IPv6 but also in other Information and Communication Technology (ICT) facility development. 
AFRINIC and other related organizations in Africa should be expected to develop some capacity 
building programs upon IPv6 awareness campaign for the general populace, thereby motivating the 
people and enlightening them about the technical/ business benefits derived from switching to IPv6. 

V. Conclusion and Recommendation 

The Internet Protocol Version 6 (IPv6) had been adopted globally to solve the future problem of 
Internet Protocol Version 4 (IPv4) exhaustion. The IPv4 was the first Internet protocol version to be 
used widely and still dominating today's internet traffic. The global rate of IPv6 deployment 
accelerated due to the total adoption of the technology in most developed regions of the world. The 
African situation was revealed to be different as reflected by the poor results of IPv6 deployment rate 
recorded in most countries of the region by AfriNIC over some past years. 

The various development strategies stipulated to aid the deployment of IPv6 such as the global 
awareness campaign of the World IPv6 day, general capacity building set up by the RIRs, and many 
more, have been confirmed effective with the recent IPv6 deployment improvement recorded globally 
even in Africa. 

It was recommended that the business sector should start to support IPv6 by hosting content on IPv6- 
enabled websites, ensuring accessibility to IPv6 users. Software and hardware vendors should 
implement IPv6 support in their products urgently, to ensure they are available at production standard 
when needed. Governments should learn more about IPv6 transition issues in order to support IPv6 
deployment efforts in their countries. IPv6 requirements in government procurement policies are 
critical at this time. Finally, civil society, including organizations and end users, should request IPv6 
services from their ISPs and vendors, to build demand and ensure competitive availability of IPv6 
services in coming years. 
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Abstract 

Defected ground structures (DGS) have been developed to enhance different characteristics of many microwave 
devices. In this paper a Micro-strip low pass filter with Dumbbell Shaped Slot Defected Ground Structure 
(DGS) is designed. The response of the filter is analyzed with respect to variation in dimension of the DGS unit 
.The variation of dimensions of defects studied with their corresponding change in capacitance, inductance as 
well as frequency response. The defects dimensions are modeled with respect to frequency using the artificial 
neural network. Optimizing the convergence of Artificial Neural Network (ANN) classifiers is an important task 
to increase the speed and accuracy in the decision-making. The frequency response of the micro strip filter is 
modeled with respect to the variation in dimension of DGS using CST microwave studio. The dimensions are 
further optimized in order to achieve minimum error in frequency response. Incremental and online back 
propagation learning approach is followed in the training of neural network because of its learning mechanism 
based upon the calculated error and its ability to keep track of previous learning iteratively. The simulation 
results are compared with the results obtained through ANN and the designs are further optimized. 

KEYWORDS' Filters, defected ground structures, ANN, CST microwave studio. 

I. Introduction 

Defected Ground Structures (DGS) have been developed in order to improve characteristics of many 
microwave devices [1]. Most of its advantages lies in the area of the microwave filter deign, 
microwave oscillators, microwave couplers as well as microwave amplifiers. DGS is motivated by the 
by the study of Electromagnetic band gap structures [2]. It is more easily an LC equivalent circuit. 
Presently there are vast applications of microwave components such as filters, amplifiers, couplers, 
antennas in various fields like mobile radio, wireless communication, and microwave millimeter wave 
communication [4]. Basically micro strip technology consists of transmission line made of conducting 
material on one side of dielectric substrate with the ground plane on other side. A microwave filter is 
a two- port network used to control the frequency response at a certain point in a microwave system 
by providing transmission at frequencies within the pass band of the filter and attenuation in the stop 
band of the filter. Defected ground structures (DGS) are recently one of the hottest topics which are 
researched in microwave domain, which developed from the photonics band gap (PBG) structures [1]. 
The high characteristic impedance of DGS is also used in digital systems [2]. DGS is an etched lattice 
which makes one or a few of PBG etched ground elements in the ground plane. DGS can achieve 
high-performance which can not be obtained by conventional technology. Because of the advantage 
of DGS, such as having small structure size, more transitional sharpness, achieving broader stop band 
responses, high characteristics impedance and simple model, it has been widely used in the design of 
microwave filter. The defects in the ground plane of the transmission lines [3] such as dumbbell , 
elliptical , square etc disturbs the shield current distribution and also changes the characteristics of 
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transmission lines e.g. capacitance and inductance. The series inductance due to the DGS section 
increases the reactance of a micro strip with the increase of the frequency. Thus, the rejection of the 
certain frequency range can be started. The parallel capacitance with the series inductance provides 
the attenuation pole location, which is the resonance frequency of the parallel LC resonator. However, 
as the operating frequency increases, the reactance of the capacitance decreases. Thus, the band gap 
between the propagating frequency bands can be occurred. By etching DGS on the ground plane it is 
possible for the designer to increase the equivalent inductance L highly and to decrease the equivalent 
capacitance C at the same time, and finally to raise the impedance of the micro strip line to a level 
more than 200Q[3]. But the problem arises, as there is no fixed mathematical model in order to relate 
the frequency response with respect to the change in dimension of DGS Unit cell. Our main focus lies 
in optimizing the frequency response with the help of ANN being trained with Back Propagation 
Algorithm [14]. Back Propagation is the most popular neural network training algorithm for 
supervised learning with weight correction rule [11]. The weight correction methodology comprises 
of back-propagating the errors from output layer to hidden layer, thus finding the optimal set of 
weights. It is used in a greater extent in the field of Data Analysis, Weather Forecasting, and Trading 
Analysis etc. As the Learning Rate has a significant effect on the results, we choose the best through 
iteration. This allows the Back Propagation to be optimized. The design procedure is presented in the 
section.2 along with its response due to the variation of different dimensions of DGS. The designs are 
implemented using CST microwave studio and the results are analyzed. In the 3 rd section we 
implemented the back propagation neural network to model the frequency response with respect to the 
dimension of DGS. The application of artificial neural network ensures an optimum design 
methodology for microstrip filter design which is revealed when comparing the results with analytical 
methods and the results of the simulation software's [14]. The designs are made using the CST 
microwave studio software [15] and also the simulations for analyzing the frequency response for 
every change in dimensions of DGS, calculation of inductance and capacitance etc. ANN algorithm is 
implemented using C programming in DEV C++ compiler and the results obtained for training and 
testing is plotted with the help of MATLAB [15]. 

II. A Study on Related Work 

There has been a lot of research on optimization of frequency response using different soft computing 
algorithms. A novel approach for calculating the resonating frequency of microstrip antenna is 
presented in [14] by R.K. Mishra and A. Pattnaik. In the reference [4] A part of optimization is made 
to model the frequency response of the planar microstrip antenna with respect to the change in 
dimension of DGS. There are several algorithms to optimize the training process. Back Propagation is 
one of the most popular neural network training algorithms for supervised learning. The weight 
corrections are updated with a generalized delta rule to minimize the prediction error through 
iterations. There have been similar attempts made to choose the dielectric constant for antenna design 
using Neural network model [11]. In reference [13] a new methodology for determining the input 
impedance for microstrip antenna is presented. In this paper we have implemented the Artificial 
neural network algorithm to model the frequency response of microstrip filter with respect to the 
dimensions of dumbbell shaped DGS. The weight correction methodology comprises of back- 
propagating the errors from output layer to hidden layer, thus finding the optimal set of weights [7-9]. 
In this paper a feed-forward network (FFN) has been considered. FFN allows the signal to flow from 
input to output layer in feed-forward direction [7, 9]. 

III. Design of Filter and Response Due to Defected Ground 

The low pass filter configuration having five sections of alternating high and low impedances is 
shown in the figure 1. The lpf was designed using the formulations depicted in [3]. The order of filter 
designed is of 5 th order. The Dumbbell Shaped Slot DGS section is fully described by two parameters 
the etched lattice dimension and gap distance. The influences of these two parameters on frequency 
characteristics of a micro strip are shown by simulations. All simulations were carried out on CST 
Microwave studio. The dimension of DGS slot are given below in fig2 as l,w,g respectively. 
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Figl. design of low pass filter and its response 

(Where the dimension are given by wl= 0.293 mm ,w2= 6.352 mm ,11= 2.917 mm,12= 7.1323 mm, 
13=11.036mm,and the corresponding inductance and capacitance are given as LI = 2.05 nH ,C2 
=2.1472 pF, L3 = 6.634 nH, C4= 2.146 pF, L = 2.05 nH) 

When the single dumbbell shaped slot is placed at the center, it provides inductance and hence by 
placing the DGS in the structure, effective inductance increases and the cut off frequency decreases. 
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Fig2.design of low pass filter with defects and its response 

The line width is chosen to be the characteristic impedance of 50Q micro strip line for simulations. 
Three DGS unit circuits were simulated with the different dimensions. In order to investigate the 
influence of the square lattice dimension, the etched gap, which is related with the gap capacitance, 
was kept constant to 0.1 mm for all three cases and the etched square area was varied. The substrate 
with 0.762 mm thick and a dielectric constant of 3.2 is used for all simulations. We observe that 
employing the proposed etched lattice increases the series inductance to the micro strip line. This 
effective series inductance introduces the cutoff characteristic at certain frequency. As the etched area 
of the unit lattice is increased, the effective series inductance increases, and increasing the series 
inductance gives rise to a lower cutoff frequency, as seen in Table 1. There are attenuation poles in 
simulation results on the etched unit lattices. These attenuation poles can be explained by parallel 
capacitance with the series inductance. This capacitance depends on the etched gap below the 
conductor line [4]. The capacitance values are identical for all cases due to the identical gap distance. 
However, the attenuation pole location, which corresponds to the resonance frequency of the parallel 
LC circuit, also becomes lower because as the series inductance increases, the resonance frequency of 
the equivalent parallel LC circuit decreases. The results are shown in table 1. 

Tablel variation of length and gap in DGS 



Variable(unit) 


d=7 


d=8 


d=9 


Inductance(nH) 


5.24 


6.39 


7.56 


Capacitance(pF) 


0.70 


0.69 


0.67 


Cutofffreq(GHz) 


1.70 


1.48 


1.34 


Center freq (GHz) 


2.59 


2.36 


2.21 




G=0.1 


G=l 


G=2 


Inductance(nH) 


3.42 


3.58 


3.70 
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Capacitance(pF) 


0.72 


0.18 


0.08 


Cutofffreq(GHz) 


2.25 


3.4 


3.52 


Center freq (GHz) 


3.16 


7.14 


8.5 



The lattice dimension is kept constant to 5 mm for all three cases and the etched gap distance is 
varied. Due to the constant lattice dimensions, we can expect that the effective series inductances are 
also constant for all cases. There is no change in cutoff frequency despite the variation of the gap 
distance. This means that the gap distance does not affect the effective series inductance of a micro 
strip. Variation of the effective capacitance only affects the attenuation pole location[l]. As the etched 
gap distance increases, the effective capacitance decreases so that the attenuation pole location moves 
up to higher frequency. When the single dumbbell shaped slot is placed at the center, it provides 
inductance and hence by placing the DGS in the structure, effective inductance increases and the cut 
off frequency decreases. When the single dumbbell shaped slot is placed at the center, it provide 
inductance and hence by placing the DGS in the structure, effective inductance increases and the cut 
off frequency decreases. Response is improved in terms of sharpness because of decrease in the 
capacitance. The Cut off frequency of the low pass filter is 1.66 GHz and the slope is 9.65 dB/GHz. 
When g is reduced to 0.1 mm the effective capacitance increases which results in lowering of 
attenuation pole location. The insertion loss reaches -50 dB down. As the area of the slot is kept 
constant, there is no change in effective inductance and hence the cut off frequency is constant. When 
the width of the etched slot is decreased effective inductance is decreased because of which cut off 
frequency is increased. Also the response is improved in terms of insertion loss and return loss. 

Table2 . Variation with respect to the change in d 



S.No 


D(mm) 


Cutoff frequency(GHZ) 


Slope 
(dB/GHz) 


1 


6.3 


2.4214 


7.4808 


2 


6.1 


2.4434 


7.3361 


3 


5.9 


2.4787 


7.13 



According to the Quasistatic Theory of DGS depicted in [4] the electric and magnetic fields are 
mostly confined under the microstrip line. The return current on the ground plane is the mirror image 
of the current distribution occurred at the strip line. The maximum surface current lies over the ground 
plane and the width of side filament arm which contribute to the inductance of DGS [4]. The gap is 
represented by the equivalent capacitances, the inductances and capacitances are derived from the 
physical dimensions using quasi-static expressions for microstrip crosses, lines and gaps given in [5]. 
The electrical equivalent model of DGS is given below [4,6] .it is been observed that for various 
change in dimension of DGS we are getting a different frequency for which any mathematical model 
is not established yet. So for the simplification we are implementing neural network in order to model 
the frequency change and optimize the design. In the next section we implemented the artificial 
neural network using Dev CPP compiler [15] for the training and testing of the network. This is 
validated with the simulations made at CST microwave studio on the desired set of testing data sets 
and also the frequency response is checked. 
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Fig 3. Equivalent circuit of DGS 

IV. Optimization Through ANN 

Artificial neural network has been implemented to determine the problem of accurate determination of 
frequency of dumbbell shaped DGS for a desired dimension of DGS. The input to the ANN model are 
the dimension of defects 1, w,g and the target data is frequency. 



1 

S 





Fig 4. ANN model of DGS 

Back Propagation algorithm is implemented which comprises of two phases. First, a training input 
pattern is presented to the network input layer which is propagated forward to the output layer through 
hidden layers to generate the output. If this output differs from the target output presented then an 
error is calculated (Here Mean Square Error). This error is back-propagated through the network from 
the output layer to the input layer and weights are updated [7]. 

As we are not satisfied with a normal back propagation, we investigated the results with learning rate 
starting from 0.1 to 1.0 with momentum constant equal to 0.9 to speed up the learning process. The 
epoch size for each learning rate is 20 epochs [7, 8]. The cost function used here is the Mean Square 
Error (MSE). The log sigmoid function in equation 1 is used as the transfer function associated with 
the neurons in hidden and output layer to obtain the normalized [0, 1] nodal outputs. 

f(x) = (l + e~T l (1) 
As we use log sigmoid as the transfer function, we normalize the input values [0,1]. It will reduce 
calculation complexities. The class values for each dataset are also normalized in the range from to 
1. 

V. Algorithm 

Stepl: Set Learning Rate X = 0.1, Momentum Constant a = 0.9. Initialize No. of Tuples according to 
dataset. Initialize set of weights randomly. 
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Step2: Set MSE total = and i=0. 

Step3: Present i th input vector X i0 , X u X iN _! and specify the desired output d i0 . Calculate actual 

output Y i0 and MSEi. 

Step4: Modify the weights starting from output layer to input layer using delta rule given below. 

W jk (t+1) = W jk (t) + ^5 k x/ + a(W jk (t) - W jk (t-1)) [2] 

Where W jk (t) is the weight from node j to node k at time t; a is momentum constant; Xj is either the 
output of node j or is input j; X is learning rate; and 5 k , is an error term for node k. If node k is an 
output node, then 

8 k =j k (l-j k )(d k -3; k ) [3] 

Where d k is the desired output of node k and y k is the actual output. 
If node k is an internal hidden node, then 

5 k = x/U-x/^^Wk! [4] 

Where 1 is over all nodes in the layer above node k. 

Step5: MSE total = MSE total + MSEi. 

Step6: Repeat by going to step3 if i < No. of Tuples. 

Step7: MSE total = MSE total / No. of Tuples. Store MSE total . 

Step8: Repeat Step 2-6 for no. of epoch size. 

Step9: A, = A, + 0.1. Repeat by going to step2 with initialization of weights randomly if X <= 1.0. 

The ANN model is shown above with dimensions 1, g, w and cut off frequency obtained from the 
output of ANN for the chosen dielectric substrate. The design is made and parametric variations are 
obtained for 80 observations, 60 are used for training and rest 20 is used for testing. The best learning 
rate is chosen by testing each starting from 0.1 to l.O.The learning rate chosen at 0.1 turned to be the 
best learning rate. The neural network with 2 neurons in 1 hidden layer and best learning rate reduces 
the error to 0.003401 in 20 epochs only while testing the neural network. The obtained results from 
ANN were checked by designing in CST and the frequency response were matched mostly with 
respect to the result obtained in ANN. Incremental back propagation learning approach is followed in 
the training of neural network[9,10]. The training result is shown below with the least error of 
0.003401. 
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After the neural network model is created different values of 1, w, g are taken and the frequency 
response is calculated with the help of artificial neural network and the results are cross checked with 
the help of CST microwave studio, it is observed that neural network works efficiently in determining 
the accurate frequency of the microwave filter with dumbbell shaped DGS. When we chose 1 =10 
,g=0.1, w=5 (in mm) , the neural network output was found out to be 1.649 GHz , where the simulated 
result is shown below which shows the frequency response at 1.6527 GHz. The response is shown 
below in fig 6 which shows that neural network is working efficiently with least MSE 0.003401 
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VI. Conclusion 



We designed the five elements LPF. After that dumbbell shaped defect is created in the ground plane. 
The addition of defects enhances the response of the filter as well as reduces the size. It consists of L- 
C parallel circuit having a resonant frequency characteristic. It is having band gap property, which is 
used in the many microwave applications. The frequency response of the dumbbell shaped defect is 
studied with respect to the dimension of its length, width and gap. The applications of artificial neural 
network for getting the frequency response of filter with respect to the dimensions of defects are done 
with the minimal error of 0.003401. Although training ANN model has spent little extra time, the 
successful intelligent model can quickly provide precise answers to the task in their training values 
range. Neural network efficiently worked to model frequency and the dimensions are optimized to 
give rise better response with the least error of 0.003401. The learning rate is chosen to be highly 
optimized one through iterations. The future scope of the work lies to implement Adaptive neuro 
fuzzy inference system (ANFIS) for the optimization and modeling of frequency response of 
microwave circuits , which will have better learning approach and higher degree of accuracy at a 
shorter time in comparison to ANN shown in [16]. 
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Abstract 

It is known from the fact that Harmonic Distortion is one of the main power quality problems frequently 
encountered by the utilities. The harmonic problems in the power supply are caused by the non-linear 
characteristic based loads. The presence of harmonics leads to transformer heating, electromagnetic 
interference and solid state device mal- functioning. Hence keeping in view of the above concern, research has 
been carried out to mitigate harmonics. This paper presents an analysis and control methods for hybrid active 
power filter using Discrete Pulse Width Modulation and Space Vector Pulse Width Modulation (SVPWM) for 
Power Conditioning in distribution systems. The Discrete PWM has the function of voltage stability, and 
harmonic suppression. The reference current can be calculated by'd-q' transformation. In SVPWM technique, 
the Active Power Filter (APF) reference voltage vector is generated instead of the reference current, and the 
desired APF output voltage is generated by SVPWM. The THD will be decreased significantly by SVPWM 
technique than the Discrete PWM technique based Hybrid filters. Simulations are carried out for the two 
approaches by using MATIAB, it is observed that the %THD has been improved from 1.79 to 1.61 by the 
SVPWM technique. 

KEYWORDS' Discrete PWM Technique, Hybrid Active Power Filter, Reference Voltage Vector, Space Vector 
Pulse Width Modulation (SVPWM), Total Harmonic Distortion (THD), Voltage Source Inverter (VSI). 

I. Introduction 

High power non-linear and time varying loads, such as rectifiers, office equipments like computers 
and printers, and also adjustable speed drives causes undesirable phenomena in the operation of power 
systems like harmonic pollution and reactive power demand [1-2]. The application of passive tuned 
filters creates new system resonances which are dependent on specific system conditions. In addition, 
passive filters often need to be significantly overrated to account for possible harmonic absorption 
from the power system. Passive filter ratings must be co-ordinate with reactive power requirements of 
the loads and it is often difficult to design the filters to avoid leading power factor operation for some 
load conditions [3-4]. Parallel active filters have been recognized as a viable solution to current 
harmonic and reactive power compensation. Various active power filter configurations and control 
strategies have been proposed and developed in the last decade in order to reduce these undesirable 
phenomena. Active filters have the advantage of being able to compensate for harmonics without 
fundamental frequency reactive power concerns. This means that the rating of the active power can be 
less than a comparable passive filter for the same non-linear load and the active filter will not 
introduce system resonances that can move a harmonic problem from one frequency to another. The 
active filter concept uses power electronics to produce harmonic current components that cancel the 
harmonic current components from the non-linear loads. 

The active filter uses power electronic switching to generate harmonic currents that cancel the 
harmonic currents from a non-linear load. The active filter configuration investigated in this paper is 
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based on a discrete pulse-width modulation and pulse-width modulated (PWM) voltage source 
inverter based filters. 

Among the various topologies the shunt active filter based on Voltage Source Inverter (VSI) is the 
most common one because of its efficiency [5]. The performance of active filter depends on the 
adoptive control approaches. There are two major parts of an active power filter controller. The first is 
that determines the reference current of APF and maintains a stable DC bus voltage. Various current 
detection methods, such as instantaneous reactive power theory, synchronous reference frame method, 
supplying current regulation, etc., are presented. The commonness of these methods is the request for 
generating reference current of Active Power Filter (APF), either with the load current or the mains 
current. The second is that controls the VSI to inject the compensating current into AC mains. The 
commonness of these methods is to control VSI with the difference between real current and reference 
current. 

In discrete PWM technique based hybrid filters, the system has the function of voltage stability, and 
harmonic suppression. The reference current can be calculated by 'd-q' transformation [6-7]. In pulse- 
width modulated (PWM) voltage source inverter based filter differs from previously discussed 
approach in the following ways: a) To generate APF reference voltage vector instead of reference 
current; b) to generate desired APF output voltage by Space Vector Pulse Width Modulation 
(SVPWM) [8-9] based on generated reference voltage. Therefore, the proposed method is simple and 
easy to carry out. This paper discussed the basic principle of this method in detail and proved its 
validity by simulation results. 

II. Proposed Control Methods 

2.1.Using Discrete PWM Technique Based Hybrid Filter 




Figure 2.1. Simulation circuit of integral controller with Discrete PWM Generator 

The Figure 2.1 is the integral controller used to generate the PWM pulses, which are generated based 
on the error produced by comparing the reference current and the source current. The differences 
calculated along with the gains are sent to discrete PWM generator and the resultant PWM pulses are 
given to the IGBT bridge for controlling. 

2.2. d-q Transformation 

The abc_to_dq0 Transformation block computes the direct axis, quadratic axis, and zero sequence 
quantities in a two-axis rotating reference frame for a three-phase sinusoidal signal. The following 
transformation is used 

(2.1) 

(2.2) 
(2.3) 



V d = 2 - (V a sin(o) t) + V h sin(o) t - 27r / 3 ) + V c sin(o) t + 2n / 3 

V q=~ (Va COS(O) t) + V b COS(O) t - 2n / 3 + V c COS(O) t + 2lt / $ 



v =-(v a + v b + v c ) 

Where co = rotation speed (rad/s) of the rotating frame. 

The transformation is the same for the case of a three-phase current; which can be obtained by 

replacing the V a , V b , V c , V d , V q , and V variables with the I a , I b , I c , I d , I q , and I variables.This block 



332 | 



Vol. 2, Issue 1, pp. 331-341 



International Journal of Advances in Engineering & Technology, Jan 2012. 

©IJAET ISSN: 2231-1963 

can be used in a control system to measure the positive-sequence component Vi of a set of three- 
phase voltages or currents. The V d and V q (or I d and I q ) then represent the rectangular coordinates of 
the positive-sequence component. 
2.3. Control Method Using SVPWM Based Hybrid Filter 

The main section of the APF shown in Figure 2.2 is a forced-commutated VSI connected to D.C 

capacitor [10]. Considering that the distortion of the voltage in public power network is usually very 

low, it can be assumed that the supply voltage is ideal sinusoidal and three-phase balanced as shown 

below: 

V sa = V s sin(wt) 

Vsb — Vs sin(wt — 2n/3) 

V sb = V s sin(wt + 2tt/3) (2.4) 

Where Vs is the supply voltage amplitude. 
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Figure 2.2. Configuration of an APF using SVPWM 

It is known that the three-phase voltages [v sa v sb v sc \ in a-b-c can be expressed as two-phase 
representation in d-q frame by Clark's transformation and it is given by 

Vsa 

(2.5) 



Vs = 



Vd 
Vq 



1 -- 

2 



2 2 . 



Vsb 
Vsc 



It is possible to write equation (1.2) more compactly as 

[Vs~] = 2/ 3 (v sa a o + VsbU i + Vsca 2 ) = Vsd+ jVsq = V$l _Qs ( 2.6) 

■ 2 

Where a = e 7s7r , so balanced three-phase set of voltages is represented in the stationary reference 

frame by a space vector of constant magnitude, equal to the amplitude of the voltages, and rotating 

with angular speed w = 2nf. 

As shown in Figure 2.2, the shunt APF takes a three-phase voltage source inverter as the main circuit 

and uses capacitor as the energy storage element on the DC side to maintain the DC bus voltage V dc 

constant. Figure 2.3 shows the per-phase (Phase A) equivalent circuit of the system. 

2.4. Compensation Principle 

In the Figure 2.3, v fa j and v fah denote the output fundamental and harmonic voltages of the inverter, 

respectively. These voltage sources are connected to a supply source ( v sa ) in parallel via a link 

inductor L f and capacitor C f .The supply current i sa is forced to be free of harmonics by appropriate 

voltages from the APF and the harmonic current emitted from the load is then automatically 

compensated. 

It is known from Figure 2.3, that only fundamental component is taken into account, the voltages of 

the AC supply and the APF exist the following relationship in the steady state 



V s = Lf 



dl 



dt 






A 



(2.7) 
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Where V s is the supply voltage, lf X is the fundamental current of APF, Vf 1 is the fundamental voltage 
of APF, and above variables are expressed in form of space vector. 
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Figure 2.3. Equivalent circuit of a simple power system together with the APF 

The APF is joined into the network through the inductor L f and C f The function of these is to filter 
higher harmonics nearly switching frequency in the current and to link two AC voltage sources of the 
inverter and the network. So the required inductance and capacitance can just adopt a small value. 
Then the total reactance caused by inductor and capacitor for the frequency of 50Hz, and the 
fundamental voltages across the link inductors and capacitors are also very small, especially 
compared with the mains voltages. Thus the effect of the voltage of the link inductor and capacitor is 
neglected. So the following simplified voltage balanced equation can be obtained from equation (2.7). 
V S = V}~ (2.8) 

The control object of APF is to make the supply current sinusoidal and in phase with the supply 
voltage. Thus the nonlinear load and the active power filter equals to a pure resistance load R s , and the 
supply voltage and the supply current satisfy the following equation: 

V S = R S .I S " ' * " (2.9) 

Where T s = -{i sa a° + i^a 1 + i sc a 2 = I sd +JI sq = 7 5 zfy 

Then the relationship between / 5 and the supply voltage amplitude Vs is 

(2.10) 



V S = R S .I S 



Substituting (2.9), (2.10) into (2.8) results in 

VTi = T T s (2- 11 ) 

l s 

Equation (2.11) describes the relationship between the output fundamental voltage of APF, the supply 
voltage and the supply current, which ensure that the APF operate normally[ll-12]. However, for 
making the APF normally achieving the required effect, the DC bus voltage V dc has to be high enough 
and stable. In the steady state, the power supplied from the supply must be equal to the real power 
demanded by the load, and no real power passes through the power converter for a lossless APF 
system. Hence, the average voltage of DC capacitor can be maintained at a constant value. If a power 
imbalance, such as the transient caused by load change, occurs, the DC capacitor must supply the 
power difference between the supply and the load, the average voltage of the DC capacitor is reduced. 
At this moment, the magnitude of the supply current must be enlarged to increase the real power 
delivered by the supply. On the contrary, the average voltage of the DC capacitor rises, and the supply 
current must be decreased. Therefore, the average voltage of the DC capacitor can reflect the real 
power flow information. In order to maintain the DC bus voltage as constant, the detected DC bus 
voltage is compared with a setting voltage. The compared results is fed to a PI controller, and 
amplitude control of the supply current I s can be obtained by output of PI controller. 
The Figure 2.4 shows the block diagram of active filter controller implemented for reducing the 
harmonics with hybrid active filter system. In each switching cycle, the controller samples the supply 
currents i sa , i sc and the supply current i sc is calculated with the equation of— (i sa + i sc ), as the 
summation of three supply current is equal to zero. These three-phase supply currents are measured 
and transformed into synchronous reference frame (d-q axis) [13-14]. The fundamental component of 
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the supply current is transformed into DC quantities in the (d-q) axis and the supply current amplitude 
I s generated by the PI controller with V dc and V re f, the reference value of the DC bus voltage. The 
obtained d-q axis components generate voltage command signal. By using Fourier magnitude block, 
voltage magnitude and angle is calculated from the obtained signal. These values are fed to the 
developed code and compared with the repeating sequence. Then the time durations T u T 2 and T , the 
on-time of Vi, V 2 and V are calculated. The generated switching actions are applied to the APF and 
power balancing of the filter takes place. 
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Figure 2.4. Control block diagram of proposed algorithm 

III. Results and Discussions 

3.1.Discrete PWM Technique Based Hybrid Shunt Active Power Filter 
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Figure 3.1. Simulation circuit of hybrid shunt active power filter 
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Figure 3.2. Source current waveform with hybrid filter 
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Figure 3.3. FFT analysis of source current with hybrid filter 

The circuit shown in Figure 3.1 consists of both active and passive filters, the main purpose of this 
hybrid filter is that it reduces the harmonic content to a larger extent compared with the above 
methods. The lower and higher order harmonics are reduced by the passive filter and the other order 
harmonics are reduced by the active filter. In the case of hybrid filters, the wave form appears in a 
sinusoidal shape and the distortions are less as shown in the Figure 3.2 compared with the previous 
techniques. So, the hybrid filter is preferred due to its better performance characteristics. From the 
FFT analysis of source current with hybrid filter, It is observed that the %THD is 1.78. 
3.2. SVPWM Technique Based Hybrid Shunt Active Power Filter 

The developed control method for three-phase shunt APF is simulated in MATLAB/ Simulink. 
Firstly, the three-phase supply currents are sensed and transformed into synchronous reference frame 
(d-q) axis. The fundamental component of the supply current is transformed into DC quantities in the 
(d-q) axis and the supply current amplitude I s generated by the PI controller. The obtained d-q axis 
components generate voltage command signal. By using Fourier magnitude block, voltage magnitude 
and angle is calculated from the obtained signal. These values are fed to the developed code and 
generated switching actions are applied to the APF. Thus, power balancing of the filter takes place. 
Further, the performance with different type of loads is presented. The complete simulation model of 
APF with different type of loads is shown in Figure 3.5 and Figure 3.8. For an input supply voltage of 
230V (rms) and switching frequency of 5kHz, the simulation results before and after power balancing 
are shown. 

3.2.1. For Balanced Linear Load 




Figure 3.5. Simulation model of APF with linear load 

The Figure 3.6 shows the simulation results of the APF when load is three-phase balanced RL load. 
Figure 3.6 (a) is the waveforms of the phase-A supply voltage and the load current before 
compensation. Figure 3.6 (b) is the waveforms of the phase-A supply voltage and the supply current 
after compensation. 
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Figure 3.6. Simulation results of balanced linear load 

(a) The phase-A supply voltage and load current waveforms 

(b) The phase-A supply voltage and supply current waveforms 
For Unbalanced Linear Load 




Time (sec) 

(a) 
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(b) 
Figure 3.7. Simulation results of unbalanced linear load 

(a) Three-phase load current waveforms 

(b) Three-phase supply current waveforms 
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The Figure 3.7 shows the simulation results of APF when three-phase unbalanced RL load is 
considered. Figure 3.7 (a) is the waveforms of the three-phase load current before compensation. 
Figure 3.7 (b) is the waveforms of the three-phase mains current after compensation. From the 
figures, it can be seen that APF controller can remedy the system unbalance. 
3.2.3. For Non-Linear Load with Resistance 
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Figure 3.8. Simulation model of APF with non-linear load 




Figure 3.9. Simulation circuit of a SVPWM controller 
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Figure 3.10. Simulation results of non-linear load 

(a) The three-phase source voltage waveforms 

(b) The three-phase load current waveforms 

(c) The three-phase source current waveforms 

The Figure3.8 and Figure 3.9 shows the simulation model of APF with non-linear load and its 
SVPWM controller respectively. The Figure 3.10 shows the behaviour of the APF when the non- 
linear load is a three-phase diode bridge rectifier with resistance load. Figure 3.10 (a) is the 
waveforms of the source phase voltage. Figure 3.10 (b) is the wave forms of the load current before 
compensation. Figure 3.10 (c) is the waveforms of the supply current after compensation. 
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(b) 
Figure 3.11. Harmonic spectrum of non-linear load 

(a) The phase-A load current harmonic spectrum 

(b) The phase-A source current harmonic spectrum 

The Figure 3.11 shows the simulation of harmonic spectrum of APF when the non-linear is a three- 
phase diode bridge rectifier with resistance load. Figure 3.11 (a) is the harmonic spectrum of the 
current before compensation on the load side. Figure 3.11 (b) is the harmonic spectrum of the current 
after compensation on the source side. The harmonic spectrum of the load current shows that 



th n ± 



magnitude of the 5 ,7 



11 th and 13 th harmonics is very large. The harmonic spectrum of the source 
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current shows that magnitude of the 5 th , 7 th , 11 th and 13 th harmonics are evidently reduced after 
compensation. The load current Total Harmonic Distortion (THD) is 21.08%, while the supply current 
THD is 1.61%. It should be noted that the higher frequency harmonics caused by APF in mains 
current can be canceled easily by a small passive filter, and there are pulses in main current at the 
points, where di/dt of load current is large, because fixed switching frequency restrict the tracking 
capability of APF. 

IV. Conclusions 

In this paper, a control methodology for the APF using Discrete PWM and SVPWM is proposed. 
These methods require a few sensors, simple in algorithm and are able to compensate harmonics and 
unbalanced loads. The performance of APF with these methods is done in MATLAB/Simulink. The 
algorithm will be able to reduce the complexity of the control circuitry. The harmonic spectrum under 
non-linear load conditions shows that reduction of harmonics is better. Under unbalanced linear load, 
the magnitude of three-phase source currents are made equal and also with balanced linear load the 
voltage and current are made in phase with each other. The simulation study of two level inverter is 
carried out using SVPWM because of its better utilization of DC bus voltage more efficiently and 
generates less harmonic distortion in three-phase voltage source inverter. This SVPWM control 
methodology can be used with series APF to compensate power quality distortions. 
From the simulated results of the filtering techniques, it is observed that Total Harmonic Distortion is 
reduced to an extent by the SVPWM Hybrid filter when compared to the Discrete PWM filtering 
technique i.e. from 1.78% to 1.61%. 
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Abstract 

Hydrogen gas can be produced by conventional methods such as thermo- chemical gasification, pyrolysis, solar 
gasification and supercritical conversion. Hydrogen productions through biological methods are an attractive 
and alternate method for the replacement of fossil fuel in future. In this review, the major biological processes 
discussed for hydrogen production are bio -photolysis of water by algae, dark fermentation, photo-fermentation 
of organic materials and the sequential dark and photo -fermentation processes. Major constraints in dark and 
photo -fermentative hydrogen production include the raw material cost, lower hydrogen yield and rate of 
hydrogen production. To overcome those constraints, intensive research works are strongly recommended to be 
carried out on the advancement of these processes. The review showed effective utilization of low cost substrate 
such as agricultural, food industry wastes and effluents such as diary industry wastewater for hydrogen 
production with inexpensive energy generation and simultaneous wastewater treatment. It reveals that the 
hydrogen yield could be even achieved greater with the effective pretreatment methods of inoculum and 
substrates. This review explores the recent status and developments that have been made to improve the 
hydrogen production particularly with pretreatment methods and gave an outline about the unit cost of various 
hydrogen production processes. 

KEY WO } RDS.' Biohydrogen, Bio -Photolysis, Dark-Fermentation, Photo-Fermentation and Pretreatment 
Methods. 

I. Introduction 

Hydrogen becomes a significant and alternate energy carrier to fossil fuels because of its property of 
clean, renewable, high energy content and does not contribute to environmental problems such as 
greenhouse effect that leads to global warming. Recent reviews on hydrogen indicated that the 
worldwide need on hydrogen is increasing with a growth rate of nearly 12% per year for the time 
being and contribution of hydrogen to total energy market will be 8-10% by 2025 [1]. Conventional 
hydrogen gas production methods are energy intensive processes requiring high temperatures 
(>840°C). Electrolysis of water may be the cleanest technology for hydrogen gas production. 
However, electrolysis should be used in areas where electricity is inexpensive since electricity costs 
account for 80% of the operating cost of H 2 production. At present the total annual world hydrogen 
production is around 368 trillion cubic meters (2008). Of this amount, about 40% is used in the 
chemical industry, 40% in refineries and the other 20% in a large variety of processes [2] including its 
use as energy carrier. In 2005, 48% of the global demand for hydrogen was produced from steam 
reforming of natural gas, about 30 % from oil /naphtha reforming from refinery/chemical industrial 
off- gases, 18% from coal gasification, 3.9% from water electrolysis and 0.1% from other sources [3]. 
Due to increasing trend of hydrogen demand, development of cost effective and efficient hydrogen 
production technologies has gained significant attention. Biohydrogen production technology can 
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utilize the renewable energy sources like biomass for the generation of hydrogen, a cleanest energy 
carrier for the use of mankind. The hydrogen is considered as a dream fuel by virtue of the fact that it 
has high energy content per unit mass of any known fuel (142MJ/kg), is easily converted to electricity 
by fuel cells and on combustion it gives water as the only byproduct. Presently, 40 % H 2 is produced 
from natural gas, 30 % from heavy oils and naphtha, 18 % from coal, and 4 % from electrolysis and 
about 1 % is produced from biomass. 

The advantages and disadvantages of various hydrogen production processes are outlined in Table 
1[4]. Among various hydrogen production processes, biological method is known to be less energy 
intensive, for it can be carried out at ambient temperature and pressure [5]. Biological method mainly 
includes photosynthetic hydrogen production and fermentative hydrogen production. 

Table 1: Comparison of various hydrogen production processes 



Process 



Advantages 



Disadvantages 



Solar gasification 

Thermo-chemical 

gasification 

Pyrolysis 

Supercritical 

conversion 

Direct bio-photolysis 



Indirect bio- 
photolysis 

Photo-fermentation 

Dark fermentation 



Two -stage 
fermentation 



Good hydrogen yield 

Higher conversion can be achieved 

Gives carbonaceous material with oil, 

chemicals and minerals 

Sewage sludge can be used easily, 

difficult by gasification 

H 2 can be produced directly from water 

and sunlight 

Blue green algae can produce hydrogen 

from water. It has the ability to fix N 2 

from atmosphere 

A wide spectral energy can be used by 

photosynthetic bacteria. 

It can produce H 2 without light. No 

oxygen limitations and can produce 

several metabolites as by-products. 

Various substrates can be used in this 

anaerobic process. 

Can produce relatively higher H 2 yield. 

By-products (metabolites) can be 

efficiently converted to H 2 . 



Effective solar collector plates are 

required 

Gas conditioning and tar removal is to 

be done 

Catalyst deactivation will occur 

Selection of supercritical medium 

Requires high intensity of light, low 

photochemical efficiency and 2 is 

inhibitory. 

Uptake hydrogenates are to be 

removed. 

2 is inhibitory on nitrogenase enzyme 
and light conversion efficiency is low. 
Relatively lower H 2 yield. At higher H 2 
yield, process becomes 
thermodynamically unfavorable. 



Requires continuous light source which 
is difficult for large scale processes. 



Even though photosynthetic hydrogen production is a theoretically perfect process with transforming 
solar energy into hydrogen by photosynthetic bacteria, applying it to practice is difficult due to the 
low utilization efficiency of light and difficulties in designing the reactors for hydrogen production 
[6]. However, fermentative hydrogen production has the advantages of rapid hydrogen production rate 
and simple operation. Moreover, it can use various organic wastes as substrate for fermentative 
hydrogen production. Thus, compared with the photosynthetic hydrogen production, fermentative 
hydrogen production is more feasible and thus widely used. In addition, it is of great significance to 
produce hydrogen from organic wastes by fermentative hydrogen production, because it can not only 
treat organic wastes, but also produce very clean energy. Therefore fermentative hydrogen production 
has been received increasing attention in recent years. For cost effective, we need to go for the 
utilization of agricultural and some food industry effluents such as cheese whey, olive mill and 
baker's yeast industry wastewaters for hydrogen production. It also provides inexpensive energy 
generation with simultaneous wastewater treatment. 



II. BlOHYDROGEN PRODUCTION METHODS 
2.1. Bio-photolysis 
2.1.1. Direct process 
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The action of light on a biological system that results in the dissociation of a substrate, usually water, 
to produce hydrogen is referred to as biophotolysis. A direct biophotolysis of H 2 production is a 
biological process which utilizes solar energy and photosynthetic systems of algae to convert water 
into chemical energy. 

The concept of the biophotolysis of water with the formation of oxygen and hydrogen is the bringing 
together of two biological fields of scientific endeavor, each of which has made phenomenal progress 
during the last two decades. The two areas of progress referred to are: (1) a greater understanding of 
the molecular events which occur in photosynthesis, and (2) a greater understanding of molecular 
events in microbial metabolism, although thermodynamically feasible, heretofore not much thought 
has been given to the possibility of bio-photolysis. The photosynthetic system which consists of two 
photo-systems operating in series can, by capturing two quanta of radiant energy, place an electron 
from the water-oxygen couple (0.8 volts pH 7.0) to a negative value as much as -0.7 volt which is 0.3 
volts more negative than the hydrogen electrode. A minimum of eight quanta of radiant energy are 
required for the following photosynthetic equation: 

2H 2 + 2 A ► 2AH 2 + 2 (1) 

where A is an electron acceptor. A variety of compounds may serve as Hill reagents. For the purpose 
of employing these photosynthetic electrons for the reduction of protons to hydrogen by the action of 
a bacterial hydrogenase, the acceptor must have an oxidation-reduction potential near the potential of 
the hydrogen electrode and in its reduced state serve as a substrate for the hydrogenase. In this 
reaction oxygen produced by the photosynthesis strongly inhibits the hydrogen production [7]. 
Inhibition is not due to the oxygen inactivation of hydrogenase, mainly due to the reaction of oxygen 
with the photo system (ferredoxin or hydrogenase). Development by biotechnology of an oxygen 
stable Hydrogenase reaction is not plausible on thermodynamic and other backgrounds. To overcome 
oxygen inhibition, photosynthesis process needs to produce oxygen absorbers (eg; glucose-oxidase). 
Biological hydrogen production is often conducted in two stages under different atmospheric 
conditions, the first stage for cell growth followed by the second stage for hydrogen evolution. 
Nitrogen starvation is often at the end of the growth stage as an efficient metabolic stress to induce the 
nitrogenase activity. It was clear that a necessary technology breakthrough need to be attained for 
hydrogen productivity by nitrogen fixing cyanobacteria. However, direct biophotolysis, though 
limited by its relatively low hydrogen productivity, provides a working model for hydrogen 
production from water and sunlight energy. Therefore it is necessary to develop knowledge and 
technical innovations in hydrogen enzymes, electron carriers that would lead to a bio-mimetic water 
photolysis system avoids intrinsic incompatibility of simultaneous hydrogen and oxygen evolution 
and splits water into separated gas streams. 

2.1.2. Bio-photolysis-Indirect process 

The most credible processes for future applied research and development are those which couple 
separate stages of microalgal photosynthesis and fermentations ("indirect biophotolysis'). These 
involve fixation of C0 2 into storage carbohydrates (e.g. starch in green algae, glycogen in 
cyanobacteria) followed by their conversion to H 2 by the reversible hydrogenase, both in dark and 
possibly light-driven anaerobic metabolic processes [8]. In indirect biophotolysis, the problem of 
sensitivity of the H 2 evolving process to 2 is usually circumvented by separating 2 and H 2 [9]. In a 
typical indirect biophotolysis hydrogen is produced as follows: 

12H 2 + 6C0 2 ► C 6 H 12 6 + 60 2 (2) 

C 6 H 12 6 + 12H 2 ► 12H 2 + 6C0 2 (3) 

Based on a preliminary engineering and economic analysis, biophotolysis processes must achieve 
close to an overall 10% solar energy conversion efficiency to be competitive with alternatives sources 
of renewable H 2 , such as photovoltaic electrolysis processes. Such high solar conversion efficiencies 
in photosynthetic C0 2 fixation could be reached by genetically reducing the number of light 
harvesting chlorophylls and other pigments in microalgae. Similarly, greatly increased yields of H 2 
from dark fermentation by microalgae could be obtained through application of the techniques of 
metabolic engineering. Another challenge is to scale-up biohydrogen processes with economically 
viable bioreactors. Solar energy driven microalgae processes for biohydrogen production are 
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potentially large-scale, but also involve long-term and economically high-risk. In the nearer-term, it 
may be possible to combine microalgal H 2 production with wastewater treatment. 

2.2. Dark Fermentation 

Dark fermentation is the fermentative conversion of organic substrate to biohydrogen. It is a complex 
process manifested by diverse group of bacteria by a series of biochemical reactions. 
Fermentative/hydrolytic microorganisms hydrolyze complex organic polymers to monomers which 
further converted to a mixture of lower molecular weight organic acids and alcohols by necessary H 2 
producing acidogenic bacteria. Utilization of wastewater as a potential substrate for biohydrogen 
production has been drawing considerable interest in recent years especially in dark fermentation 
process. Industrial wastewater as fermentative substrate for H 2 production addresses most of the 
criteria required for substrate selection viz., availability, cost and biodegradability [10]. Chemical 
wastewater [11], cattle wastewater [12] and starch hydrolysate wastewater [13] have been reported to 
produce biohydrogen apart from wastewater treatment from dark fermentation process using 
selectively enriched mixed culture under acidophilic conditions. Various wastewaters viz., paper mill 
wastewater [14], food processing wastewater [15], rice winery wastewater [16], distillery and 
molasses based wastewater [17]; wheat straw wastes [18] and palm oil mill wastewater were also 
studied as fermentable substrates for H 2 production along with wastewater treatment. Utilizing mixed 
culture is extremely important and well-suited to the non-sterile, ever-changing, complex environment 
of wastewater treatment. Some anaerobic mixed cultures cannot produce H 2 as it is rapidly consumed 
by the methane-producing bacteria. Successful biological H 2 production requires inhibition of H 2 
consuming microorganisms, such as methanogens and pre -treatment of parent culture is one of the 
strategies used for selecting the requisite microflora. The physiological differences between H 2 
producing bacteria and H 2 consuming bacteria (methanogenic bacteria) form the fundamental basis 
behind the development of various methods used for the preparation of H 2 producing seeds. When the 
inoculum was exposed to extreme environments such as high temperature, extreme acidity and 
alkalinity, spore forming H 2 producing bacteria such as Clostridium survived, but methanogens had 
no such capability. Also, hydrogen production from different agricultural wastes has been reviewed 
by Guo et al [19] given the present state of knowledge; further experimentation is required to better 
understand the impact on biohydrogen production performances of the compositions and the 
characteristics of different organic substrates. Pretreatment processes of agricultural waste also require 
specific investigation since the origins and compositions of the agricultural wastes determine which 
specific pretreatment is the most suitable. 

In the Table 2, it was shown that higher hydrogen yield was achieved by utilizing mixed consortia 
rather than pure culture. Also mutant strain or genetically engineered microorganism will yield higher 
than the others. Though possessed significant advantages, the main challenge observed with 
fermentative H 2 production process was relatively low energy conversion efficiency from the organic 
source. Typical H 2 yields range from 1 to 2 mol of H 2 /mol of glucose, which resulted in 80-90% of 
the initial COD remaining in the wastewater in the form of various volatile organic acids (VFAs) and 
solvents [38]. Even under optimal conditions about 60-70% of the original organic matter remains in 
solution [39]. Usage of unutilized carbon sources present in acidogenic process for additional biogas 
production sustains the practical applicability of the process. One way to utilize the remaining organic 
matter in a usable form is to produce additional H 2 by terminal integration of photo-fermentative 
process for H 2 production and methane by integrating acidogenic process to terminal methanogenic 
process [40]. Baghchehsaree et al [21] reported the H 2 yield of 2.18mol/mol glucose by using 
Thermotoga neapolitana, whereas Cakir et al [25], reported 2.4mol/mol glucose from wheat straw 
wastes using anaerobic sludge. Though the earlier have used pure culture and substrate (glucose), it 
yields lesser than the later using anaerobic sludge. The possible reason is that the waste must be 
subjected to appropriate pretreatment before deploying it for fermentative hydrogen production to 
enrich the hydrogen producing bacteria, repressed the methanogenic activity. This enhances the higher 
yield, in dark fermentation, thereby paves the way for simultaneous waste treatment and inexpensive 
energy generation from the low cost substrate. 

Perera et al [41] evaluated the net energy gain for dark fermentation processes using various 
substrates. Evaluation reported that the improvement in hydrogen yield at higher temperature is not 
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justified as the net energy gain not only declined with increase of temperature, but also was mostly 
negative for above the ambient temperature. 

Table 2: Comparison of various processes on biohydrogen production by dark fermentation 



System 


Culture 


Substrate 


Volumetric H 2 

production 
rate,(mlL _1 h" 1 ) 


H 2 Yield, 

(molH 2 mol 

glucose" 1 ) 


Reference 


Batch 


Thermotoga 
neapolitana 


Glucose 


51 


3.85 


[20] 


Batch 


Anaerobic 
digester sludge 


Glucose 


- 


2.18 


[21] 


Continuous 


Mixed culture 


Glucose 


5100 


2.1 


[22] 


Batch 


Rice Rhizo sphere 
microflora 


Apple pomace 
wastes 


- 


2.3 


[23] 


Continuous 


C. acetobutylicum 
ATCC 824 


Glucose 


1270 


- 


[24] 


Batch 


Heat treated 
anaerobic sludge 


Acid- 

Hydrolyzed 

ground wheat 


7.42 


2.4 


[25] 


Batch 


Defined 
consortium 


Sewage sludge 


■ 


35.54mL g 
sludge" 1 


[26] 


Batch 


Bacillus 
coagulans 


Glucose 


- 


2.28 


[27] 


Batch 


Klebsielle 
oxytoca HP1 


Glucose 


350 


3.6 


[28] 


Batch 


Cow dung 


Wheat straw 


10.14mL 


68.1 14mL 


[18] 




compost 


wastes 


g TVS" 1 h" 1 


g TVS" 1 




Batch 


Clostridia sp 


Glucose 


1496 


1.7 


[29] 


Batch 


E. cloacae IIT- 
BT08 


Sucrose 


660 


6.0 


[30] 


Batch 


Thermo anaerob a 
cterium 


Starch in 
wastewater 


1.9ml/h 


92 


[31] 


Batch 


C. pasteurianum 


Starch 


4.2mm- 1 


106 b 


[32] 


Batch 


Mixed culture 


Glucose 


- 


2.1 


[33] 


Continuous 


Anaerobic mixed 
consortia 


Diary 
wastewater 


- 


0.122 a 


[34] 


Batch 


Mixed culture 


Sewage bio- 
solids 


- 


700 a 


[35] 


Continuous 


Sludge from 
WTP 


Rice winery 
wastewater 


- 


2.14 


[16] 


Batch 


Sludge from 
WTP 


Potato 
processing 
wastewater 




6.0 a 


[16] 


Batch 


Thermo anaerob a 
cterium 


Starch 
wastewater 


- 


92 b 


[31] 


Continuous 


Activated sludge 

and digested 

sludge 


Glucose 


2360 


1.16 


[36] 


Continuous 


T kodakaraensis 
KOD1 


Starch 


146 c 


- 


[37] 






a - mmol H 2 


gCOD 1 










b - mL H 2 g 


1 starch 










c - mmol H 2 


gdw" 1 h" 1 







It was concluded to operate the dark fermentation at the near-ambient temperatures to maximize the 
net energy gain [41]. And this should be done by direct electricity production from the dark 
fermentation via microbial fuel cells. But this was contradictory to the earlier study by Wu et al [42], 
has achieved positive net energy gain of 0.8kJ/g COD in spite of high fermentation temperatures of 
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40° C. Reason for this higher achievement of net energy gain is that they utilized high sucrose 
concentration of 30g/L and high hydrogen producing bacteria [42]. 

2.2.1. Effect of Pretreatment Methods 

Pre-treatment helps to accelerate the hydrolysis step, thus, reducing the impact of rate limiting step 
and augment the anaerobic digestion to enhance the H 2 generation [43]. Several pre-treatment 
procedures viz., heat-shock, chemical, acid, alkaline, oxygen-shock, load-shock, infrared, freezing, 
etc., were employed on a variety of mixed cultures [44, 45] for selective enrichment of acidogenic H 2 
producing inoculum. pH also played a critical role in governing the metabolic pathways of the 
organism where the activity of acidogenic group of bacteria was considered to be crucial. Optimum 
pH range for the methanogenic bacteria was reported to be between 6.0 and 7.5, while acidogenic 
bacteria functioned well below the 6 pH [46]. The pH range of 5.5-6.0 was considered to be ideal to 
avoid both methanogenesis and solventogenesis which was the key for effective H 2 generation. Effect 
of various pretreatment methods for the production of biohydrogen was outlined in the Table 3. The 
pretreatment methods used for selective enrichment of hydrogen producing anaerobic consortia 
considerably influenced the H 2 yield and acid forming pathways of glucose. 

Table 3: Comparison of biohydrogen yield by different pretreatment methods 



Inoculum 


Substrate 


Pre-treatment 


Max.H 2 


Optimal pre- 


References 






method employed 


yield(molH 2 
mol glucose" 1 ) 


treatment 
method 




Anaerobi 


Sea water 


Acid, alkali, heat-shock, 


1.2 C 


Heat- shock 


[47] 


sludge 


culture 
medium 


KN0 3 and control 








Dairy manure 


Dairy 


Acid, NaOH, infrared 


31.5 b 


Acid 


[48] 


wastes 


manure 


radiation 




pretreatment 




Sludge of 


Corn 


Steam explosion process- 


3.0 


Steam 


[49] 


WTP 


Stover 


neutral and acid 




explosion 

process with 

acid 




Digested 


Glucose 


Acid, base, heat-shock, 


1.8 


Heat- shock 


[50] 


sludge 




aeration and chloroform 








Cattle manure 


Glucose 


Freezing and thawing, 


1.0 


Acid 


[51] 


sludge 




acid, heat-shock, and 
sodium 2-bromoethane 
sulfonate 








Cow dung 


Corn stalk 


Acidification 


149.69 b 


Acid 


[36] 


compost 


wastes 










Methanogenic 


Glucose 


Acid, heat- shock 


1.2 


Chloroform 


[52] 


granules 




and chloroform 








Digested 


Sucrose 


Heat- shock, aeration, 


6.12 c 


Base 


[53] 


wastewater 




acid, base, 2- 








sludge 




bromoethanesulfonic 
acid and iodopropane 








Anaerobic 


Dairy 


Sodium 2-bromoethane 


0.0317 a 


Sodium 2- 


[34] 


sludge 


wastewater 


sulfonate, acid, heat- 
shock and their 
combinations 




bromoethanes 
ulfonate 




Clostridium 


Wastewater 


Freezing and thawing, 


2.1 a 


Freezing and 


[35] 


bifermentans 


sludge 


ultrasonication, 
acidification, sterilization 
and methanogenic 
inhibitor 




thawing 




Clostridium 


Wastewater 


Freezing and thawing, 


4-lgkgDS 1 


Freezing and 


[54] 


bifermentans 


sludge 


sonication, 
Acidification and 




thawing 
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sterilization 










Pseudomonas 


Waste 


Sterilization, microwave 




15.02ml g 


Sterilization 


[55] 


sp. GZ1 


sludge 


and ultrasonication 




TCOD" 1 






Anaerobic 


Glucose 


Heat, alkaline and 




1405mL 


Heat 


[56] 


mixed 




acidification 






treatment 




microflora 














Anaerobic 


Sugar-beet 


Alkaline, thermal, 




5.15 a 


Alkaline 


[57] 


mixed culture 


pulp 


microwave, thermal- 
alkaline and microwave- 
alkaline 










Anaerobic 


Corn stover 


Microwave assisted acid 




1.53 


Microwave 


[58] 


sludge 




treatment and thermal 
acid treatment 






assisted acid 
treatment 








a - mmol H 2 g 


COD 


l 










b- mlr^gTVS" 1 












c - molH 2 mol sucrose" 1 







Different pretreatment methods resulted in variations in the fermentation pathways of glucose. Along 
with an increase in the temperature or use of alkaline or acid pretreatment, the fermentation pathway 
of glucose converted from ethanol and butyric types to propionate and butyric types, resulting in a 
decrease in H 2 yield [56]. From the Table 3, after thorough examination, it was strongly recommended 
that the chemical pretreatment method was most preferable, though few results showed heat shock 
and base treatment method optimum. Addition of chemicals altered the physiological conditions and 
environment and enhanced the production and yield. This showed that some inoculum or substrates 
need suitable treatment based on their waste characteristics. Also there exists some disagreement in 
the optimum pretreatment method, for example, in the recent published work; Ozkan et al [57] 
reported alkaline pretreatment on beet pulp is optimum, whereas Liu and Cheng [58] reported 
microwave-assisted acid pretreatment on corn stover is optimal. Based on these results, it was 
understood that the possible reason for the disagreement is the difference in their studies with the type 
of substrates (sugar-beet pulp and corn stover) used for pretreatment s, since it has different 
composition and characteristics in its origin. 

2.2.2. Effect of pH 

pH is another important factor that influences the activities of hydrogen producing bacteria and the 
fermentative hydrogen production, because it may affect the metabolism pathway. It has been 
examined that in an appropriate range, increasing pH could increase the ability of hydrogen producing 
bacteria to produce hydrogen. Since some studies on fermentative hydrogen production were 
conducted in batch mode with pH control, while some others were conducted in continuous mode, in 
these cases, the effect of pH on fermentative hydrogen production was investigated; there exists 
certain disagreement on the optimal pH for fermentative hydrogen production. For example, the 
optimal pH for fermentative hydrogen production reported by Mu et al [59] was 4.2, while that 
reported by Zhao and Yu [60] was 7.0. The possible reason for this disagreement was the difference 
among these studies in terms of inoculum, substrate and pH range studied. Similarly optimal H 2 
production appears to take place with a pH of 5.0 to 6.0 for food wastes [61, 62]; whereas a neutral 
pH is recommended for crop residues and animal manure [63]. Two different types of 
experimentation have been performed to determine the optimal pH: one involved adjusting different 
initial pH in a series of batch tests while the other maintained the same pH in continuous reactors 
during the fermentation process [63, 64]. In addition, sucrose was the most widely used substrate 
during the investigation of the effect of pH on fermentative hydrogen production. Thus, investigating 
the effect of pH on fermentative hydrogen production using organic wastes as substrate is 
recommended. Ren et al reported the batch experiments with maximum hydrogen yield of 
1.77mmol/mmol of glucose were achieved at pH 6.0. Low hydrogen yields observed at pH 4.0 are due 
likely to inhibitory effects on the microbial growth, although a low pH can be thermodynamically 
favorable for hydrogen production. Lower yields not only attributed to thermodynamically 
unfavorable, but also metabolically unfavorable for hydrogen production [65]. 
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2.3. Photo-fermentation 

Photo-fermentation differs from dark fermentation because it only proceeds in the presence of light. 
Hydrogen production by purple non sulfur bacteria was mainly due to the presence of nitrogenase 
under oxygen-deficient conditions using light energy and reduced compounds (organic acids). 
Photosynthetic bacteria undergo anoxygenic photosynthesis with organic compounds or reduced 
sulfur compounds as electron donors. Some non-sulfur photosynthetic bacteria were potent hydrogen 
producers, utilizing organic acids such as lactic, succinic and butyric acids, or alcohols as electron 
donors. Since light energy was not required for water oxidation, the efficiency of light energy 
conversion to hydrogen gas by photosynthetic bacteria was in principle much higher than that by 
cyanobacteria. Hydrogen production by photosynthetic bacteria was mediated by nitrogenase activity, 
although hydrogenases might be active for both hydrogen production and hydrogen uptake under 
some conditions. Photosynthetic bacteria had long been studied for their capacity to produce 
significant amounts of H 2 . The advantage of their use was in the versatile metabolic capabilities of 
these organisms and the lack of Photo system II, which automatically eliminates the difficulties 
associated with 2 inhibition of H 2 production. These photo-heterotrophic bacteria have been found 
suitable to convert light energy into H 2 using organic wastes as substrate in batch processes, 
continuous cultures [66] or immobilized whole cell system using different solid matrices like agar gel 
and polyurethane foam. The overall reaction of hydrogen production is as follows: 



C 6 H 12 6 + 6H 2 + hv 



12H 2 + 6C0 2 (AG = +3.2 kJ) 



(4) 



Major drawbacks of the process involved low photochemical efficiencies (3-10 %). This might be 
overcome by using co-cultures having different light utilization characteristics. Production of 
biohydrogen by photo fermentation using different substrates and inoculum were outlined in Table 4. 
It was clear from the Table 4 that, Koku et al. [69] reported the hydrogen production rate of 
5.0mLH 2 /L h, whereas Basak and Das [70] have reported the maximum production rate of 
6.55mLH 2 /L h from the same substrate Maleic acid. The possible reason for the deviation in their 
production rate is on the characteristics of microorganism. It was clearly evident that, production rate 
and yield could be improved by studying the characteristics and engineering the hydrogenase enzyme 
to enhance its activity. 

Table 4: Comparison of Biohydrogen production rate by various photo -fermentation processes 

System Organism Substrate H 2 production References 

rate,(mlL _1 h" 1 ) 



Batch 

Batch 

Batch 

Batch 

Batch 

Batch 

Continuous 

Continuous 

Batch 



Rhodopseudomonas 
Rhodobacter capsulata 



Starch 



Starch 



25.0 



0.88 



[67] 
[68] 



Rhodopseudomonas Acetate 

Rhodobacter capsulata Acetate 

Rhodobacter sphaeroides RV Lactate 

Rhodobacter sphaeroides Malate 
Rhodobacter sphaeroides O.U 001 Malic acid 

Rhodobacter sphaeroides GL- 1 Lactate 

Anabaena variabilis Water 



25.2 


[67] 


0.88 


[68] 


62.5 


[66] 


5.0 


[69] 


6.55 


[70] 


2100 


[71] 


2.0 


[72] 



The fermentation process for hydrogen production has been investigated so far, but yet there is lack of 
details regarding the application of kinetic studies in the photo-fermentation. This review has shown 
the kinetic studies on biohydrogen production by using the modified Gompertz equation for fitting the 
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experimental data of cumulative hydrogen production [68, 46, 59, 73]. The modified Gompertz 
equation is: 



ff(t) = Hexp {-exp p™^* * (A - t) + l] J 



(5) 



H(t) is cumulative hydrogen production(g/l) during the fermentation time t(h), H is the maximum gas 
production potential (g/1), R max is the maximum production rate(g/lh), X is lag time to exponential 
product formed(h) and e is 2.7183. The values of H, R max and X are normally determined by best 
fitting the experimental data using the software curve Expert 1.3 [74] 

2.4. Two-Stage Fermentation 

Combined dark and photo fermentation was a rather new approach in biological hydrogen gas 
production. It has certain advantages over single stage dark-fermentation or photo-fermentation 
processes. A three step process scheme consisting of pre-treatment-hydrolysis, dark fermentation and 
photo-fermentation could be used for this purpose. The first step of pre-treatment includes grinding, 
acid hydrolysis, neutralization and nutrient balancing to produce carbohydrate solution from the 
biomass. Fermentable sugars were converted to organic acids, C0 2 and hydrogen in the dark 
fermentation phase. Light-fermentation was used for production of hydrogen from organic acids under 
anaerobic conditions in the presence of light. The effluent of dark fermentation in hydrogen 
production provides sufficient amount of organic acids for the photo-fermentation. Therefore, the 
limitation by the organic acid availability would be eliminated. Using dark and photo fermentative 
bioreactors hybrid fermentation technology might be one of the promising routes for the enhancement 
of H 2 production yields. The synergy of the process lie in the maximum conversion of the substrate 
which otherwise fail to achieve a complete conversion due to thermodynamic and other limitations 
[75]. Thus, in this system the light independent bacteria and light dependent bacteria provide an 
integrated system for maximizing the H 2 yield. Further utilization of organic acids by photo- 
fermentative bacteria could provide better effluent quality in terms of COD. However, the system 
should be well controlled to provide optimum media composition and environmental conditions for 
the two microbial components of the process. In such a system, the anaerobic fermentation of 
carbohydrate (or organic wastes) produces intermediates, such as low molecular weight organic acids, 
which are then converted into H 2 by the photosynthetic bacteria in the second step in a photo- 
bioreactor. Higher hydrogen production yields could be obtained when two systems are combined. In 
the Table 5, it was observed that maximum yield of 14.2mol/mol sucrose was achieved from sucrose 
by utilizing Caldicellulosiruptor and photosynthetic bacteria of Rhodopseudomonas capsulatus. 

Table 5: Comparison of Biohydrogen production and yield by two stage dark and photo -fermentation processes 
Substrate Inoculum H 2 yield Rate of H 2 References 

(molmol production 
glucose' 1 ) (mlL'V) 



Beet 

molasses 
Sucrose 

Starch manufac 
turing waste 
Cassava starch 

Glucose 

Olive mill 

wastewater 

Glucose 

Water hyacinth 

Food waste 



Caldicellulosiruptor and 

Rhodopseudomonas capsulatus 

Clostridium pasteurianum and 

Rhodopseudomonas palustris WP3-5 

C butyricum and Enter obacter HO-39 

and Rhodobacter sp. M-19 

Clostridium sp and Rhodopseudomonas 

palustris 

Lactobacillus delbrueckii and 

Rhodobacter sphaeroides RV 

Activated sludge and Rhodobacter 

sphaeroides O.U.001 

E.coli HD701and Rhodobacter 

sphaeroides O.U.001 

Mixed bacteria and immobilized 

Rhodopseudomonas palustris 

Anaerobic mesophilic and thermophilic 



4.2 


7.1 


[76] 


14.2mol H 2 mol 




[77] 


sucrose" 1 






7.2 


- 


[78] 


6.07mol 


334.8 


[79] 


H 2 mol sucrose" 1 






7.1 




[80] 


- 


11 


[81] 


- 


5.2 


[82] 


596ml H 2 gTVS" 

i 


- 


[83] 


1.8 


_ 


[84] 
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acidogenesis 
Glucose Enterobacter clocae DM1 1 and 

Rhodobacter sphaeroides O.U.001 
Makkoli Clostridium butyricum NOB 9576 and 

wastewater Rhodobacter sphaeroides El 5-1 

Glucose C. butyricum and Rhodopseudomonas 

palustris 



5.3 



5.48 



- 


[85] 


16 


[86] 


LOO 


[87] 



The major challenge in biohydrogen production by dark and light fermentation was to improve the 
rate and the yield of hydrogen production for an economic process. Biological and engineering studies 
must be concentrated on these issues. Raw material cost was another concern in biohydrogen 
fermentations. Therefore, waste materials and renewable resources such as biomass were strongly 
recommended to utilize as a substrate. Also in the case of two stage fermentation, there exists certain 
disagreement that Su et al [87] reported a maximum hydrogen yield of 5.48mol/mol glucose, whereas 
Cheng et al [79] reported a maximum yield of 6.07mol/mol hexose. The possible reason for the 
disagreement is the difference in their utilization of substrate as glucose and starch. The later was 
inoculated with immobilized cells and hence its yield was increased. 

III. Cost Comparison of Hydrogen Production Processes 

The cost of H 2 generated from biological processes and other available conventional processes were 
tabulated in Table 6. Biological hydrogen was comparatively high than that of hydrogen from 
pyrolysis. Strategies should therefore be developed to effectively lower the cost of H 2 production for 
commercialization. From the Table 6, it was proven, hydrogen production by conventional methods 
are not affordable except in the case pyrolysis. Hence, it was shown that despite of its high energy 
content; the cost of biological hydrogen production was still not a cost effective when compared to the 
existing pyrolysis method (conventional hydrogen production). It was strongly recommended 
therefore for the future research in the biological method to overcome or to replace efficiently, the 
available conventional processes with the cost effective method for biological hydrogen production. 

Table 6: Comparison of unit cost of hydrogen production processes with conventional processes 



Name of the processes 


Raw materials 


Energy content of the 


Unit cost of energy 






fuel (MJ kg 1 ) 


content of the fuel US 
$/ MBTU" 1 



Photo-biological hydrogen 
Fermentative hydrogen 


H 2 0, organic 

acids 

Molasses 


142 


Pyrolysis for hydrogen production 


Coal, biomass 


- 


H 2 from advanced electrolysis 


H 2 


- 


H 2 from Nuclear Energy 
H 2 by biomass gasification 


Electrolysis and 
water splitting 
Biomass 




H 2 from Wind Energy 


Wind mill 


- 


H 2 from Photovoltaic power station 


Solar energy 


- 


H 2 from thermal decomposition 
of steam 


H 2 


- 


H 2 from photochemical 


Organic acids 


- 


Gasoline 


Crude petroleum 


43.1 


Fermentative ethanol 
Biodiesel 
Natural gas 


Molasses 
Jatropha seeds 
Raw natural gas 


26.9 

37 
33-50 



10 

10 
4 

11 
12-19 

44-82 
34 
42 
13 

21 
6 

31.5 

0.4 
10 



Among the alternative energies, at present, biomass and bio-fuel are the ones closer to the parity in 
conventional and distributed systems, respectively. Increased efforts in the development of advanced 
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technologies to improve the technical feasibility and scalability of the hydrogen production based on 
renewable energy, higher carbon emission, large investment growth in renewable energies, etc., could 
make cost parities to be reached in the near future. Also, as the hydrogen production based in 
renewable technologies avoid fuel prices in uncertainties, mainly produced in the natural gas market, 
massive investment in hydrogen production with renewable technologies could be produced before 
the parities are reached [88]. 

IV. Limitations in Biological Hydrogen Production 

Few limitations are somehow discussed here for the smooth transition from the fossil fuel based 
economy to the hydrogen energy based economy as follows: 

> Direct bio-photolysis processes, though essentially attractive, seems to suffer from the 
intractable barriers of oxygen sensitivity, intrinsic limitations in light conversion efficiencies, 
and very tedious economics. 

> In indirect bio-photolysis, the use of nitrogenase enzyme with its inherent high energy 
demand and the low solar energy conversion efficiencies are the insurmountable factors. 

> Although biological processes for the production of gaseous hydrogen have been well 
demonstrated with cultured microalgal biomass, these processes must still be integrated into a 
system capable of meeting basic requirements for overall efficiency of converting solar 
energy into fuels. 

> Processing of some biomass feed stock was too costly and therefore need to develop low cost 
methods for growing, harvesting, transporting and pretreating energy crops and/or biomass 
waste products. 

> There was no clear contender for a robust, industrially capable microorganism that can be 
metabolically engineered to produce more hydrogen. 

> Several engineering issues need to be addressed which include the appropriate bioreactor 
design, difficult to sustain steady continuous H 2 production rate in the long term, scale-up, 
preventing interspecies H 2 transfer in non sterile conditions and separation/purification of H 2 . 

> Sensitivity of hydrogenase enzyme to 2 and H 2 partial pressure severely decreases the 
efficiency of the processes. 

> Insufficient knowledge on the metabolism of H 2 producing bacteria and the levels of H 2 
concentration tolerance of these bacteria. 

> A lack of understanding on the improvement of economics of the process by combination of 
H 2 production with other processes. 

> The productivity and yield of H 2 from any of the processes explained above was low for 
commercial application. 

To overcome these constraints a numerous improvements need to be done in the future research. The 
advancements in the scientific research such as development of bioreactor design, engineering of 
hydrogenase enzyme and genetic modification of microorganism are therefore strongly recommended 
to improve the yield and rates of production. Many studies are currently carrying out in these 
technical and scientific advancements for better output as a futuristic goal. 

V. Conclusions 

Biohydrogen production was the most challenging area with respect to environmental problems. Due 
to the energy potential of hydrogen, new processes were to be developed for sustainable hydrogen 
production in biological methods. This review emphasized the raw material cost as major limitations 
for bio-hydrogen production showing that the utilization of some carbohydrate rich or starch 
containing solid wastes or some industry wastewaters are an attractive approach for bio-hydrogen 
production. Many of the results have proved in better hydrogen yield from different substrates and 
inoculum followed by their effective and appropriate pretreatment technique. Also it was examined 
that the sequential or combined bioprocesses of dark and photo-fermentations seem to be the most 
attractive approach as compared to other methods used for bio-hydrogen production from 
carbohydrate rich wastes. Two major aspects need indispensable optimization, viz., a suitable 
substrate and ideal microbial culture that can convert the substrate efficiently to hydrogen. A 
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comparative study on available processes indicated that biohydrogen production requires greater 
improvement on the process mainly with respect to hydrogen yield from the cheaper raw materials. 
Hydrogen production can be improved with the scientific advancements such as genetic modification 
of organism, engineering of hydrogenase enzyme, by using improved bioreactor and also by hybrid 
process. The future of biological H 2 production mainly not only depends on research advances, i.e. 
improvement in efficiency through genetically engineering microorganisms and/or the development 
of bioreactors, but also on economic considerations (the cost of fossil fuels), social acceptance, and 
the development of hydrogen energy systems. 
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Abstract 

The study analyzes six morphometric parameters namely absolute relief, relative relief, dissection index, 
average slope, drainage density and ruggedness index, for better understanding of hydrologic processes in a 
watershed. The advanced application of Remote Sensing (RS) and Geographic Information System (GIS) 
techniques have lead to estimation of surface runoff and soil loss based on different parameters. Topographical 
map and Landsat Enhanced Thematic Mapper Plus (ETM+) satellite image are used for morphometric 
analysis. Land use/land cover, hydrologic soil characteristics, rainfall, curve number (CN) are used for surface 
runoff assessment using Soil Conservation Service (SCS) model. USLE (Universal Soil Loss Equation) model is 
used for soil loss estimation with the help of rainfall and runoff factor (R), soil erodibility factor (K), slope 
length and steepness factor (LS), crop management factor (C) and conservation practice factor (P). These 
parameters are obtained from monthly and annual rainfall data, soil data, topographic map, satellite image 
using RS and GIS techniques (with use of Normalized Difference Vegetation Index) respectively. This 
experimental study is carried out on Watut watershed under Morobe province of Papua New Guinea. The 
Watut watershed encompasses an area of about 5410.74 sq km. The average drainage density of this watershed 
is computed at 0.5 km/sq km with the average slope measuring about 31%. The result indicates an average of 
68.23% of total rainfall flowing out as surface runoff with a concomitant wearing away of about 6579914 
tons/year (12.16 tons/ha/year) of eroded soil in the Watut watershed. Wall to wall (pixel wise) spatial mapping 
for the entire watershed is carried out using these results. The study underscores that the integrated approach 
of SCS and USLE model with RS and GIS technologies have great potential for modeling of different 
hydrological parameters and producing risk maps in any watershed region. 

KEYWORDS' Remote Sensing, GIS, Runoff, Soil Loss, Hydrologic and Morphometric Analysis 

I. Introduction 

Watershed is a natural laboratory of hydrology. It can be defined as the area that drains the entire 
precipitation into a particular stream outlet. In other word it is the catchment' s area from which all 
precipitation i.e. rainfall as well as snow melt water drained into a single stream. It forms naturally to 
dispose the runoff as efficiently as possible. It is a natural convergent mechanism which consists of a 
network / branch of streamlets converging into a major stream. Studies of morphometry and 
hydrologic analysis on different watersheds have been carried out in many parts of the world. Relief 
and climate are the key determinants of running water ecosystems functioning at the basin scale 
(Lotspeich and Platts 1982, Frisselet al. 1986). Morphometric descriptors represent relatively simple 
approaches to describe basin processes and to compare basin characteristics (Mesa 2006) and enable 
an enhanced understanding of the geomorphic history of a drainage basin (Strahler 1964). Drainage 
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basin morphometric parameters can be used to describe the basin characteristics. These are basin size 
(stream order, stream length, stream number, and basin area), basin shape factors (circularity ratio, 
elongation ratio, form factor and compaction ratio), basin perimeter, bifurcation ratios, drainage 
density, stream frequency and drainage intensity. The risk factor of flood is indirectly related with the 
bifurcation ratio (Waugh 1996). Quantitative expression of drainage basin shape or outline form was 
made by Horton (1932) through a form factor. The unit hydrograph, a method for estimating storm 
runoff, was proposed by Sherman in 1932 and since then it has been considered as a significant 
concept. Runoff is one of the most important hydrologic variables used in most of the water resources 
applications. Reliable prediction of quantity and rate of runoff from land surface into streams and 
river have been difficult and time consuming task especially for un-gauged watersheds. However this 
information is needed in dealing with many watershed development and management problems 
(Kumar et.al., 1991). Soil erosion is a complex dynamic process by which productive surface soil is 
detached, transported and accumulated at a distant place culminating in dual predicament - severe 
loss of agricultural productivity through the exposure of subsurface soil as well as siltation in 
reservoirs and natural streams elsewhere (Kandrika and Venkataratnam, 2005). Soil erosion is a major 
problem throughout the world. Globally, 1964.4 M ha of land is affected by human-induced 
degradation (UNEP, 1997). Of this, 1,903 M ha are subjected to aggravated soil erosion by water and 
another 548.3 M ha by wind. The Revised Universal Soil Loss Equation (RUSLE) calculates the long 
term average annual rate of erosion on a field slope based on rs (Drainage density, average slope, 
absolute relief, relative relief, dissection index, and ruggedness index mapainfall pattern, soil type, 
topography, crop system and management practices. RUSLE only predicts the amount of soil loss that 
results from sheet or rill erosion on a single slope and does not account for additional soil losses that 
might have occurred from gully, wind or tillage erosion. Economically, the soil loss results in the 
depletion of arable land and its quality by wearing away the top fertile soil and thereby affecting the 
land productivity as a whole. The present study is carried out with a view to preparing a land use map 
of Watut watershed. This will lead to the computation of the runoff volume by developing a suitable 
hydrological model, thereby enabling us to estimate soil loss by using RUSLE Equation using digital 
remote sensing data. Finally different hydro-geomorphological maps were developed for 
mophometric analysis. 

II. Study Area and Materials Used 

The Watut watershed is situated in Morobe province. Sixty percent (60%) of the study area is covered 
by Bulolo districts, twenty one percent area (21%) in Hunon district, fifteen percent(15%) area in 
Menyamya district and the remaining four percent (4%) in Markham districts. The basin area is 
bounded within 145° 58' 45.92" E to 146° 53' 22.66" E longitude and 6° 36' 03.09" S to 7° 31' 15.69" S 
latitude. The basin area (Figure 1) is about 5410.74 sq km. Papua New Guinea's climate is tropical, as 
one would expect in a country located just south of the Equator. Port Moresby, the capital, and other 
towns on the coast are quite hot in the summer months; temperatures are considerably cooler in the 
Highlands. Average temperature is 27 °C while total annual rainfall is 3500 mm in the study area. All 
other physical characteristics are discussed in the underlying paragraphs. 

Topographical maps are used for this study. Optical bands with standard false color combination 
(SFCC) of LANDSAT-7, Enhance Thematic Mapper Plus (ETM+) satellite images are used to 
determine the land use/land cover classes in the study area. All other details of the collateral data sets 
are given in the Table 1. 

Tablel. List of data used in the study 



SI. No. 


Collateral data 


Scale/ Resolution 


Year of 
publication 


Source 


1 


Topographical maps 


1:250000 


1960 


National atlas of Papua New Guinea 
and topographical map 


2 


1:100000 


1973 - 1980 


3 


Landsat-7, ETM+ 


30 m 


2001 


University of Maryland 


4 


Soil map 


1:500000 


1975 


USDA 


5 


Rainfall 


Station: point data 


1972-2002 


weather-forecast.com report 
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Figure 1. Location map of the Watut watershed region 



III. Methodology 

ArcGIS 10.0 and Erdas Imagine software are used for the preparation of different digital data set 
using satellite image, topographical map and collateral information. Six morphometric analyses, 
namely absolute relief, relative relief, dissection index, average slope, drainage density and 
ruggedness index and two hydrological analyses viz. surface runoff and soil loss estimation are 
performed using different algorithms in the model maker. 

3.1. Preparation of drainage, land use/land cover and soil data set 

A drainage map is prepared using the National atlas of Papua New Guinea, topographical map and 
satellite image for delineation of watershed along with the contour information. The drainage network 
of the entire Watut watershed is subdivided into individual lengths of channel and arranged according 
to the magnitude of orders as proposed by Strahler (1952). Using the magnitude of order attributes, 
stream order map is prepared (Figure 2a). The flow direction of the prepared drainage map of Watut 
watershed is from south-east to north-east. Bulolo river from left and Snake river from right hand side 
meet each other at 146° 35' 29.23" E and 7° 03' 20.32" S. Finally the flow, Watut river meets with 
Markham River, in the Huon district. Total length of the river is 224.45 km. Other tributaries of this 
river are Waime, Wafi river, Bank river, Isimp river, Mumena river and Laloona river. The maximum 
stream order of this drainage network is five which appear in lower part of the basin. 
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3.1.1 Land use/ land cover 

Land use/land cover is one principal tool for runoff and soil loss estimation. The land use /land cover 
data sets are generated from the digital image classification of LANDSAT, ETM+ satellite images. 
This classification is performed taking nine classes within the entire study area, namely water body, 
dense forest, low dense forest, agriculture, shrub land, barren land, plantation, mangrove and 
settlement (Figure 2b). 80% of the study area comprises forests. In the lower catchment area some 
agricultural lands are found, albeit of a tiny proportion featuring only about 2% of the study 
catchment. Detailed land use and land cover statistics are given in Table 2. Overall accuracy achieved 
is 89%, after carrying out an accuracy assessment using ground truth (reference sample points) data 
sets. 

3.1.2 Soil characteristics 

Soil texture and hydrologic soil group are very important parameters for estimation of runoff, soil 
loss, transport capacity and net detachment. Soil texture is the principal factor affecting soil 
erodibility factor. Seven types of soil texture i.e. sandy clay, silty clay loam, silty clay, loam, sandy 
loam, silty loam and sandy clay loam are found in the study area (Figure 2c). The hydrologic soil 
groups indicate the infiltration potential (vertical flow) of the soil after prolonged wetting. The SCS 
model has classified all soils into four hydrologic groups. These are (i) "Group A" soils which have 
low run off potential and high infiltration rates even when thoroughly wetted. They consist chiefly of 
deep, well to excessively drained sands or gravels while loamy sands or sandy loams are sometimes 
included in this group where the 'saturated infiltration rate' is greater than 0.76 cm/hr when 
thoroughly wet. (ii) "Group B" soils that have moderate infiltration rates when thoroughly wetted and 
consist chiefly of moderately well to well-drained soils with moderately fine to moderately coarse 
textures. Silt loams or loamy soils embrace this group when the saturated infiltration rate is 0.38 to 
0.76 cm/hr. (iii) "Group C" soils have low infiltration rates when thoroughly wetted and consist 
chiefly of soils with a layer that impedes downward movement of water and also soils with 
moderately fine to fine texture. Sandy clay loams feature in this group and the saturated infiltration 
rate is 0.13 to 0.38 cm/hr. (iv) "Group D" soils have high runoff potential. They have very low 
infiltration rates when thoroughly wetted and consist mainly of clay soils with a high swelling 
potential, soils with a permanent high water table, soils with a clay pan or clay layer at or near the 
surface and shallow soils over a nearly impervious material. Clay loams, silt clay loams, sandy clays 
and silty clays or clays are covered in this group when saturated infiltration rate falls to - 0.13 cm/hr. 
All four types of hydrologic soil group are found in this watershed region (Figure 2d and table 2). 

Table 2. Land use/land cover and hydrological soil group statistics of the study area. 



Land use/Land cover 


Area (sq km) 


Area (%) 


Hydrological soil 
group 


Area (sq km) 


Area (%) 


Dense forest 


2848.91 


52.7 


Group-A 


127.52 


2.4 


Shrub 


47.51 


0.9 


Low dense forest 


1707.89 


31.6 


Group-B 


239.41 


4.4 


Mangrove 


109.25 


2.0 


Settlement 


1.89 


0.0 


Group-C 


1419.17 


26.2 


Barren land 


638.51 


11.8 


Plantation 


2.18 


0.0 


Group-D 


3624.64 


67.0 


Agriculture 


14.81 


0.3 


Water 


39.80 


0.7 


Total 


5410.74 


100.0 


Total 


5410.74 


100.0 
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Figure 2. Drainage order (2a), land use/land cover (2b), soil texture (2c) and hydrologic soil group (2d) of 
Watut watershed, generated from satellite image and soil data. 

3.2. Morphometric analysis of the watershed 

Morphometry is the measurement and mathematical analysis of the configuration of the earth's 
surface, shape and dimension of its landforms (Agarwal, 1998; Obi Reddy et al., 2002). A major 
emphasis in geomorphology over the past several decades has been on the development of 
quantitative physiographic methods to describe the evolution and behavior of surface drainage 
networks (Horton, 1945; Leopold & Maddock, 1953; Abrahams, 1984). Different morphometric 
techniques, like absolute relief, relative relief, dissection index, average slope, drainage density and 
ruggedness index (Table 3) are considered for quantitative analysis of different attribute of the 
watershed. A point layer is generated in the ArcGIS s/w environment and the spot heights are 
collected according to the longitudinal and latitudinal value. Then spot height attribute for each 
sample location is introduced to the point layer. Arc coverage, which represents the contours, is used 
to build 3D surfacing in the ERDAS IMAGINE s/w environment. All point data are interpolated to 
the raster through krigging interpolation (Matheron, 1970) techniques in the ArcGIS s/w environment. 
Both interpolated and surfacing outputs are merged to create raster digital elevation model (DEM) for 
the Watut watershed and the absolute relief map is generated as shown in figure 3a. 
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Table 3. Different morphometric techniques used in the study 



SI. 

No. 


Morphometric 
techniques 


Key description 


Data used 


Software used 


1 


Absolute relief 


Maximum height of 
relief 


Spot-heights and contours 
with z values 


Erdas Imagine 
(Surfacing) 


2 


Relative relief 


Maximum - minimum 
relief 


Digital Elevation Model 


ArcGIS (Range) 


3 


Dissection 
index 


Relative relief/Maximum 
height 


Relative relief and Digital 
Elevation Model 


Erdas Imagine 
(Model maker) 


4 


Drainage 
density 


length of streams/area 


Drainage map 


ArcGIS (Line density) 


5 


Ruggedness 
index 


(Drainage density x 
relative relief)/l 000 


Drainage density and 
relative relief 


Erdas Imagine 
(Model maker) 


6 


Slope 


(Rise/run) x 100 


Digital Elevation Model 


ArcGIS & Erdas 
Imagine (3D analysis) 



The maximum altitude is 3316 m, demarcated in the southern part and the minimum elevation is 
closer to mean sea level (MSL) observed in the northern part of the watershed. 

3.2.1 Relative relief 

To show spatial variation from one place to another calculation of relative relief (Rao, 2011) is 
paramount. The value of relative relief is calculated from the contour and DEM data using range 
analysis in ArcGIS software. Figure 3b displays the relative relief characteristics, where maximum 
relative relief value is 63 1 m in the middle and eastern parts of the Watut watershed. 

3.2.2 Dissection index 

For better understanding of morphometry as well as physiographic attribute, dissection index analysis 
is performed (Schumm, 1956). Dissection index is defined as a ratio between actual dissection made 
by the rivers and potential dissection up to base levels. Relative relief and maximum altitude are used 
to compute the dissection index. Higher the value of dissection index, larger is the undulation and 
instability of the terrain. Maximum dissection index is calculated as 0.58 in the northern part of the 
watershed (Figure 3 c). 

3.2.3 Drainage density 

The drainage density is the ratio of the total length of streams within a watershed to the total area of 
the watershed (Horton, 1932). A high value of the drainage density indicates a relatively high density 
of streams inducing a rapid storm response giving rise to a higher runoff yield. Using the ArcGIS 
kernel density function the drainage density map of the watershed is prepared (Figure 3d). Maximum 
drainage density is computed as 1.31 km per sq km in the south and south-east parts of the study area. 

3.2.4 Ruggedness index 

The topographic ruggedness index too indicates the extent of instability of land surface (Strahler, 
1956). Ruggedness index map is generated using relative relief and drainage density data set. Here the 
values of ruggedness almost coincide with other morphometric values. Ruggedness index of the area 
varied from 0.01 to 0.45 (Figure 3e). The values of ruggedness index increase towards south and 
south-east in the watershed. 

3.2.5 Average slope 

The slope tool calculates the maximum rate of change between each cell and its neighbors. The lower 
slope value indicates the flatness of the terrain and higher slope value point to a steeper terrain. The 
output slope raster can be calculated as percent of slope or degree of slope. When the slope angle 
equals 45 degrees, the vertical rise is equal to the horizontal run and is expressed as 100 percent slope. 
As the slope approaches vertical (90 degrees), the percentage slope approaches infinity. Slope analysis 
is performed to prepare the slope data set of the area. Slope of the area is calculated in percent 
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gradient using ArcGIS 3d analysis tool. The watershed region possesses a maximum slope of 153 
percent in the north-west and middle part (Figure 3f). 




Elevation (absolute relief) in m 
3316 




Disection index 
0.01 0.58 




Ruggedness index 
0.01 0.45 





Drainage density in km/sq km 
1.31 




Slope in percent 



Figure 3. Absolute relief (3a), relative relief (3b), dissection index (3c), drainage density (3d), 
ruggedness index (3e) and average slope (3f) generated from satellite image and DEM 

3.3. Spatial modeling of surface runoff 

The SCS method has been used by many researchers because it gives consistently usable results (Rao 
et al., 1996; Sharma et al. 2001; Chandramohan and Durbude, 2001; Sharma and Kumar, 2002) for 
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runoff estimation. The SCS model computes direct runoff through an empirical equation that required 
the rainfall and a watershed co-efficient as input. The watershed co-efficient is called the curve 
number (CN) which represents the runoff potential of the hydrologic soil cover complexes. The SCS 
model (SCS, 1972) involves relationships between land cover, hydrologic soil classes and curve 
number. The equation 1 is used to calculate the surface runoff of the Watut watershed. 

Q = (P - la) 2 / (P - la + S) (1) 

Where, 

Q is actual surface runoff in mm, 

P is rainfall in mm, 

la is 0.4S [Initial abstraction (mm) or losses of water before runoff begins by soil and vegetation (such 

as infiltration, or rainfall interception by vegetation)], 

S is the potential maximum retention in mm and is calculated using the equation 2. 

S = (25400 / CN) - 254 (2) 

Where, 

CN is curve number of hydrologic soil cover complex, which is a function of soil type, land cover and 

antecedent moisture condition (AMC), is shown in table 4. 

Table 4. Curve numbers for different kinds of land use/land cover and soil (AMC II & la =0.4S) 



SI. No. 


Land use/land cover 


Hydrologic soil group 


Curve number 


Area in sq km 


1 


Water 


A 


100 


6.41 


B 


100 


0.00 


C 


100 


12.29 


D 


100 


21.11 


2 


Dense forest 


A 


30 


65.12 


B 


55 


106.28 


C 


70 


702.18 


D 


77 


1975.33 


3 


Low dense forest 


A 


45 


15.09 


B 


66 


93.50 


C 


77 


401.25 


D 


83 


1198.07 


4 


Agriculture 


A 


62 


0.00 


B 


71 


3.63 


C 


78 


3.63 


D 


81 


7.55 


5 


Shrub land 


A 


39 


20.21 


B 


61 


3.55 


C 


74 


9.43 


D 


80 


14.33 


6 


Barren land 


A 


68 


20.69 


B 


79 


32.45 


C 


86 


246.12 


D 


89 


339.23 


7 


Settlement 


A 


57 


0.00 


B 


72 


0.00 


C 


81 


1.89 


D 


86 


0.00 


8 


Plantation 


A 


45 


0.00 


B 


66 


0.00 


C 


77 


0.00 


D 


83 


2.18 


9 


Mangrove 


A 





0.00 


B 





0.00 


C 


70 


42.38 


D 


77 


66.84 


Total area in sq km 


5410.74 


Weighted curve number 


77 
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3.4. Spatial modeling of soil loss 

Hydrologic calculation of soil loss for Watut watershed is performed using simple equations. By using 
the revised universal soil loss equation (Renard, 1997), the total soil loss is measured for the Watut 
watershed. The revised universal soil loss equation (RUSLE) is- 

A =RxKxLSxCxP (3) 

Where, 

A is the potential long term average annual soil loss in tons per acre per year. This is the amount, 

which is compared to the "tolerable soil loss" limits. 

R is the rainfall and runoff factor by geographic location, is calculated using the following equation. 

R= 38.5 + 0.35 xPr (4) 

Where, Pr is average annual precipitation of the study area 
K is the soil erodibility factor. K factor is calculated according to the soil texture type of the area 
(Robert, 2000), e.g. 0.24 for sandy clay, 0.32 for silty clay loam, 0.26 for silty clay, 0.20 for sandy 
clay loam, 0.30 for loam, 0.13 for sandy loam and 0.38 for silty loam. 

LS is the slope length-gradient factor. The following equation (Robert, 2000) is used to calculate the 
slope length-gradient factor. 

LS= [0.065+0.0456(slope)+0.006541(slope) 2 ]x(slope length +const) NN (5) 

Where, slope is the percent of steepness (%), slope length is length of slope (m), constant is 22.1 and - 

NN is 0.5 as slope is more than 1%. 

C is the crop/vegetation and management factor, is obtained multiplying crop type factor and the 

tillage method factor, e.g. for water, 0.002 for settlement, 0.004 for forest area, 0.050 for shrub land 

and grass cover land, 0.125 for agriculture and 0.5 for barren land. 

P is the support practice factor, considered as according to the up and down Slope of the area, e.g. 

value 0.60 for 0-7% , 0.70 for 7-14% , 0.80 for 14-21% , 0.90 for 21-28% and 1.0 for more than 28% 

of slope. 

IV. Result and Discussion 

In upper watershed region number of stream is greater and steep slopes are found. Thus the overland 
flow velocity is also more, about 5.0 km per hour as measured in the upper watershed region. Relative 
relief, dissection index, average slope, ruggedness index, drainage density are more, indicating 
unstable topography and greater vulnerability for erosion and land slide. Lower reaches of the 
watershed region have gentle slope and fewer number of channel/streams. The dissection index and 
ruggedness index are also very low. Erosional materials are transported and deposited in this lower 
part of the Watut river, bereft of the required kinetic energy to carry forward. So the river thalwegs get 
continually escalated and water holding capacity goes down engendering frequent flash floods. The 
average bifurcation ratio is also measured at 1.74 for Watut watershed. 

The runoff curve numbers for land cover delineation are used for determination of curve number for 
the watershed. The weighted curve number for AMC II is found 77 for the total watershed area. 
Similarly the weighted curve numbers for antecedent moisture conditions I & III are also calculated 
which are 61 and 89 respectively. Calculated curve numbers are used to model surface runoff of the 
area. The spatial distributions of calculated curve number (Figure 4a) are mapped for each pixel in the 
raster data format. Model maker tool of Erdas Imagine and spatial analysis tool of ArcGIS are used 
for this mapping purpose. The average slope-length gradient factor of the watershed is calculated as 
20.30 from digital elevation model in the Erdas Imagine model maker. Slope-length gradient factor is 
mapped pixel-by-pixel for the area as shown in the figure 4b. 

Land use/land cover, hydrologic soil characteristics, rainfall, curve number are used to estimate 
surface runoff by SCS model for Watut watershed. There is a big amount of storm rainfall recorded as 
277 mm, in the month on March, 2011. The above rainfall (277 mm) is introduced as an input in the 
SCS model. As the model output (Figure 4c) the minimum range of surface runoff (125 to 150 mm) is 
found in the lower watershed area and maximum range (225 to 245 mm) in some parts of the upper 
watershed area. The calculated average surface runoff is 189 mm, almost 68 percent of the total storm 
rainfall. 
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Table 5. Estimation of runoff volume for Watut watershed 



Month/date 


Rainfall (mm) 


AMC 


CN 


S 


Runoff (mm) 


15-20 th September 


171 


II 


77 


75.87 


91.37 


January 


275 


186.74 


February 


260 


172.62 


March 


277* 


188.63* 


April 


262 


174.50 


May 


195 


112.71 


June 


153 


75.78 


July 


144 


68.15 


August 


117 


46.20 


September 


113 


43.09 


October 


158 


80.07 


November 


179 


98.42 


December 


255 


167.94 



* Spatial mapping is done using storm rainfall as shown in figure 4C (output: input — > 1:1.47). 





Surface runoff in mm 

■ Less than 150 
ZJ 150-175 

■ 175-200 
ZJ 200 - 225 

More than 225 



Input storm 
rainfall: 277mm 




Slope-length gradient factor 

■ Less than 10 

■ 10-25 
Z| 25-50 

■ 50-75 
More than 75 




Soil loss in tons/ha/year 

H 0-5 
■ 5-10 

10 - 20 Average soil loss 

20-30 12.16 tons/ha/year 

30-40 



Figure 4. Calculated curve number from land use and hydrological soil group (4a), slope-length 
gradient factor from DEM (4b), estimated surface runoff (4c) and soil loss (4d) according to SCS and 
RUSLE model using Erdas Imagine and ArcGIS. 

Rainfall and runoff factor, soil erodibility factor, slope length and steepness factor, crop management 
factor and conservation practice factor are used to calculate the soil erosion in the watershed area 
following USLE model. Monthly and annual rainfall data, soil map of the region, DEM, RS 
techniques (with use of normalized difference vegetation index) and land use/land cover map are used 
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to obtain above parameters. Total soil loss is 6579914 tons/year calculated for the Watut watershed. 
Soil losses characteristics of the watershed area are shown in figure 4d. Red color pixels indicate high 
rate of soil erosion in the watershed area. The average soil loss of the area is calculated as 12.16 
tons/ha/year. 

V. Conclusions 

Watershed is a basic unit for morphometric analysis. Remote sensing and GIS techniques are known 
for providing very high accuracy in mapping and measurement done in morphometric analysis. 
Absolute reliefs, relative relief, dissection index, ruggedness index, slope and drainage density are the 
most useful criteria for the morphometric classification of a watershed. These decisive factors are 
more in the upper part of the watershed and are instrumental in controlling the runoff pattern, 
sediment yield and other hydrological parameters of the watershed region. Surface runoff is calculated 
as very high (more than 200 mm, when the storm rainfall is 277 mm) in some parts of the watershed 
where land cover types are 'barren land' and / or 'open hills area'. The watershed region has 
considerably high rate of soil erosion (6579914 tons/year), because of high slope-length gradient 
factor. In this study, the methodology for determination of runoff, soil loss and spatial mapping are 
attempted for Watut watershed using RS, GIS, RUSLE and SCS model. This approach could be 
applied in other watersheds or river basin for planning of various conservation measures. 
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Abstract 

Current control based on hysteresis algorithms are widely used in different applications, such as motion 
control, active filtering or active/reactive power delivery control in distributed generation systems. The 
hysteresis current control provides to the system a fast and robust dynamic response, and requires a simple 
implementation in standard digital signal platforms. On the other hand, the main drawback of classical 
hysteresis current control lies in the fact that the switching frequency is variable, as the hysteresis band is fixed. 
In this paper a variable band hysteresis control algorithm will be presented. As it will be shown, this variable 
band permits overcoming the aforementioned problem giving rise to an almost constant switching frequency. 
The performance of this algorithm, together with classical hysteresis controls and proportional resonant (PR) 
controllers, has been evaluated in three different single-phase PV inverter topologies, by means of simulations 
performed with PSIM. In addition, the behavior of the thermal losses when using each control structure in such 
converters has been studied as well. 

I. Introduction 

The classical current control techniques for power converters, based on PWM modulation, present a 
certain control delay that does not permit to control accurately the instantaneous-peak of the currents 
that are being delivered by a power converter [1]. In order to solve this issue, asynchronous sine- 
triangle PWM voltage control can be used in conjunction with instantaneous current feedback control. 
However, when this method is used the error signals are nearly sinusoidal and the dynamical response 
of the system is limited by the stability bandwidth of the feedback loops. The use of predictive voltage 
control techniques [2] permits improving the bandwidth of the controller, as the tracking of the 
reference does not depends exclusively on the controller tuning, but also on the feed-forward control 
signal provided by the predictive algorithm. Although these techniques tend to give optimum 
performance in terms of response and accuracy, they depend highly on the accuracy of the predictive 
model and they are somehow complicated to implement in standard Digital Signal Processors (DSP) 
[3,4]. As an alternative to PWM techniques hysteresis current controllers have been broadly used also, 
as they can be easily implemented with no complex hardware. Another important advantage of this 
kind of controllers is its fast dynamic response and their inherent capability to limit the peak current 
injected by the converter. In addition, hysteresis controllers do not require any information about the 
system parameters, something that enhances its robustness. In classical hysteresis controllers the error 
band is normally fixed to a certain value. As a consequence the switching frequency varies within a 
band because peak-to-peak current ripple must be controlled at all points of the fundamental 
frequency wave. In order to solve this problem without damaging the good dynamical performance of 
the hysteresis current control, an adaptive hysteresis band able to maintain a constant switching 
frequency is proposed in this paper. In the following the algorithm that has been developed in order to 
calculate the value of the hysteresis band will be detailed. Later on their performance will be tested in 
three different power converter topologies used for single phase PV applications. The results obtained 
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with the new algorithm will be compared with those obtained when using classical hysteresis and PR 
controllers. This analysis will be extended as well to the thermal losses that appear in the power 
converter in each case. 

II. Basic Hysteresis Current Control 

The basic hysteresis current control is based on an on-line PWM control that fixes the output voltage 
of the inverter instantaneously [5]. The main task of the PWM current controller in an inverter is to 
adjust the output current, /, in order to track the current reference provided by i*. Comparing the 
instantaneous current in the load with the reference signal the controller should adjust the duty cycle 
of the PWM signal in the inverter. As a consequence, the error signal (8) should be reduced [6]. A 
basic scheme of the PWM current controller is shown in Fig. 1. 



Vdc 



t 



< 



PWM 

Current 

Controller 



J\ 



AC 
Side 

Load 




Fig. 1. Basic Current Control Scheme in a single phase inverter. 

In this kind of controller, the output voltage level depends on the error between the current setpoint 
and the real currents injected by the converter. In this way when the load current is lower than the 
current reference, the inverter connects the positive side of the DC bus to the load, reducing thus the 
currents. On the contrary when the load current is higher than the current reference, the inverter 
connects the negative side of the DC bus to the load. Taking into account the previous description, the 
error signal can be maintained within a certain fixed band. Fig. 2 shows the evolution of the load 
current when using a basic hysteresis current control. 




Fig. 2. PV inverter Output current with hysteresis control. 



III. Proposed Hysteresis Current Control 

Considering that the output current of the inverter is the one shown in Fig. 2, the error signal can be 
written as (1): 



S = i-i* 



(i) 
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where i is the output current and i* is the reference current. It is possible to deduct an equation for 
each switching period written in (2) and (3). According to Fig 2, for [0, tl]: 

dS di di* Ai Ai* Ih 



Andfor[t2,Ts]: 



dt dt dt 



= — < 2 > 



dS_ 
dt 



di di 
dt dt 



A^_Aj_ = _2^ 



■ r - 



Fig. 3 shows a PV inverter with H5 structure [8]. During the positive semi cycle when switches S5, SI 
and S4 are ON and S2, S3 are OFF, an active vector is applied to the load. This switching semi period 
correspond to tl in Fig. 2 when the current is increasing. In order to apply a zero voltage vector to the 
load, S5 is turn off whereas, SI, S2, S3 and S4 remain in the same state. This switching period 
correspond to t2 in Fig. 2 when the current is decreasing (freewheeling case). The equivalent circuits 
in both periods are shown in Fig 4. 




Fig. 3. Basic structure of a H5 PV inverter. 
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Fig. 4.Equivalent circuits (a) active voltage vector, (b) zero voltage vector. 

According with the equivalent circuits shown in Fig. 4, it is possible to establish the equations for the 
equivalent circuits in both periods (4) and (5). 
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{ dt dt } 



<4) 



. _, . . di dS 
O — V. =L-\ h 



J 



(5) 



dt dt 

Substituting equations (2) and (3) in equations (4) and (5) respectively it is possible to obtain the 
following equations: 



v c -K-l 



dt 



•t x = 2-L-h 



(6) 



V-L 



di 



*\ 



di 



t 2 = -2-L-h 



■■• 



Adding equations (6) and (7): 



f 



t i=^r 



di 



*\ 



c\ 
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dt 
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■■■ 



Finally, by means of substituting the equation (8) in equation(6) and simplifying terms equation (9) is 
reached: 



T 
2L 



dO 




1 ' 


V+L — 


1- 




' dt) 




?c , 



*\ 



dt 



(9) 



Equation (9) defines an adaptive hysteresis band that depends on the system parameters. This 
algorithm permits to obtain a constant switching frequency in the PV inverter load. The same analysis 
can be performed for other topologies like HERIC (High Efficiency Reliable Inverter Concept) [9], 
shown in Fig. 5, or HB-ZVR (Half-Bridge Zero Voltage Rectifier) [10], depicted in Fig. 6. 



SI Lr+* S4 i^ "' 




Fig. 5. High Efficient and Reliable Inverter Concept (HERIC) topology. 

In the HERIC topology during the positive half cycle S6 remains connected, whereas SI and S4 
commutate at switching frequency in order to generate both active and zero vectors. When an active 
vector is present (SI and S4 are ON), current flows from the PV panels to the load (grid), when a zero 
vector occurs, SI and S4 are switched OFF and then, the current flows through S6 and Dl, this is the 
freewheeling situation. On the other hand, when the negative cycle is coming, S6 goes OFF and S5 
goes ON, whereas S3 and S2 commutate at switching frequency. This means that an active vector is 
present when S3 and S2 are ON, therefore the current flows from the PV panel towards the load, thus 
when S3 and S2 turn off, a zero voltage vector is present in the load, then current flows through S5 
and D2. This kind of modulation permits having a freewheeling situation with no connected load 
(utility grid). 
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Fig. 6. Half-Bridge Zero Voltage Rectifier (HB-ZVR) topology. 

In turn the HB-ZVR topology, Fig. 6, it provides the active vectors using a conventional full-bridge 
inverter, whereas the zero voltage vectors are generated by the single phase rectifier and S5. This 
topology works as follow: during positive semicycle, when an active vector is applied, switches SI 
and S4 are ON, and S2, S3 and S5 are OFF, in this situation the output current is increasing. In order 
to apply a zero voltage vector, SI and S4 are turn off and S5 is turn on, in this case, the current is 
decreasing. On the other hand, in the negative semi-cycle, an active vector is applied when S2 and S3 
are ON, and SI, S4 and S5 are OFF, whereas a zero voltage vector is applied when SI, S2, S3 and S4 
are OFF and S5 is ON. In the next section, simulations results using hysteresis current control were 
performed in order to compare the system performance with and without adaptive hysteresis band. All 
simulations were performed using PSIM (Thermal Module). The IGBT is an IPM (Intelligent Power 
Module) from Mitsubishi PM75DSA120. In this study case the DC bus was of 400V, while the load 
was a grid with L- 4 mH, Vs = 325Vpk and/ = 50Hz. 



IV. Simulation Results 

In this section simulation with H5, HERIC and HB-ZVR topologies have been carried out. The 
simulation results using the adaptive band hysteresis algorithm in the H5, HERIC and ZB-ZVR 
topologies are shown in Fig. 7, Fig. 8 and Fig. 9 respectively. 
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Fig. 7. Behavior of the current and the voltage at the output of the converter when using the H5 topology. 
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Fig. 8. Behavior of the current and the voltage at the output of the converter when using the HERIC topology. 




Fig. 9. Behavior of the current and the voltage at the output of the converter when using the or HB-ZVR 
topology. 

In order to see that the switching frequency is almost constant in all three cases, it is necessary to 
obtain the output current harmonic spectrum. Fig. 10 shows the harmonic spectrum for the HERIC 
topology with and without adaptive hysteresis band. In the other two cases (H5 and HB-ZVR), the 
current spectrum is almost the same. 
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Fig. 10. Frequency spectrum of the output current for HERIC topology, (a) Without adaptive hysteresis, (b) With 
adaptive hysteresis. 
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As can be seen in Fig. 10, in case (a) the switching frequency is variable over a wide frequency range 
and in the case (b) the switching frequency remains around 10 kHz. This characteristic permits to 
design easily the output filter of the inverter. In the next section it is presented some simulations 
results regarding switching and conduction losses for these three topologies. The IGBT model used in 
these simulations was obtained by means IGBT datasheet and after that, was loaded to PSIM library. 

V. Comparative Losses Analysis 

In order to obtain good comparative losses analysis, all three topologies were simulated with a fixed 
hysteresis band current control (Basic H), adaptive hysteresis band current control (Adaptive H) and 
proportional resonant current control (PR Ctrl). Table 1 shows the simulation results of total switching 
and conduction losses with an input power of 1650 W (Iout=10Amp) for all three topologies. 

TABLE 1 
Swrrc hno amd cokduc tion Los se s 



Topology 


P M =1650^/7^=10^ 


Control 


Switching 
Losses (W) 


Conduction 
Losses (\V) 


HERIC 


47.40 


13.74 


Basic H 


2334 


12.76 


Ax-; rive H 


25 


12.81 


PR Ctrl. 


H5 


26.16 


18.08 


Basic H 


12.01 


18.85 


Adaptive H 


13.09 


18.05 


PR Ctrl. 


HB-ZVR 


89.02 


15.16 


Bask H 


46.69 


15.1 


Adaptive H 


49.53 


15.16 


PR Ctrl. 



As can be seen in Table 1, the major losses come from IGBT switching processes. This means that the 
switching frequency has an important influence in the total losses of the system. Due this, when the 
control is implemented with a fixed hysteresis band, the losses are major than when an adaptive 
hysteresis band current control system is used. As shown in Fig. 10 (a), different frequency harmonics 
appear over a grid period, this harmonics produce an increase of switching losses. Table 1 shows also, 
that conduction losses are almost the same in each case. In Table 2 are summarized the distributed 
losses among all semiconductors in each topology. It is possible to distinguish that the major losses 
are located in those semiconductors which are switching at high frequency. In addition it is possible to 
see the specific losses for each semiconductor; with this information, it is possible to perform a good 
thermal design. 
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In the case of H5 topology, the losses are located in S5. In all three cases the losses behavior is almost 
the same, the losses are reduced when adaptive hysteresis band current control and proportional 
resonant current control are used. 

VI. Conclusions 

A hysteresis current control algorithm based on an adaptive hysteresis band for single phase PV 
converter topologies has been presented in this paper. As it has been shown analytically and by means 
of simulations this algorithm permits obtaining a fixed switching frequency in all the tested 
topologies. The main drawback of the conventional fixed hysteresis band current control is that 
generates excessive current ripple because modulation frequency varies within a band. This 
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modulation frequency variation makes complicated the output filter design. Adaptive hysteresis band 
current control keeps the good performance of the fixed band hysteresis current control and 
additionally permits an easier output filter design due that the switching frequency is almost constant. 
On the other hand, switching losses can be reduced by using this adaptive hysteresis band current 
control. The analyzed topologies are the more widely used in transformerless single-phase PV 
systems (H5 and HERIC). Based in the previously comparative simulations results it can be 
concluded that in the case of H5 topology losses are concentrated in S5. In case of HERIC topology 
losses are located among SI, S2, S3 and S4. Finally in HB-ZVR single phase topology, losses are 
located in S5. These results mean that in each case, the losses distribution is not the same and a 
different thermal design should be done. 

References 

[1] L. Malesani, P. Mattavelli, P. Tomasin, "High Performance Hysteresis Modulation Technique for Active 

Filters", IEEE Transactions on Power Electronics, Volume 12, September 1997. 

[2] J. Holtz and S. Stadtfeld, "A Predictive Controller for the Stator Current Vector of AC Machine-fed from a 

Switched Voltage Source", in Proc.Int. Power Electronics Conference Rec. (Tokyo), 1983, pp. 1665-1675. 

[3] M. Ciobotaru, R. Teodorescu, and F. Blaabjerg, "Control of Single-Stage Single-Phase PV Inverter", 

European Conference on Power Electonics and Applications, 2005. 

[4] Y. Hayashi, N. Sato, K. Takahashi, "A Novel Control of a Current- Source Active Filter for ac Power 

System Harmonic Compensation", IEEE Transactions on Industrial Applications, Vol. 27, No. 2,March/ April 

1991. 

[5] T. Kato, K. Miyao, "Modified Hysteresis Control with Minor Loops for Single-Phase Full-Bridge Inverters", 

Doshisha University, Kyoto Japan, 88CH2565-0/88/0000-0689$01.00, 1988 IEEE. 

[6] Bimal K. Bose, "An Adaptive Hysteresis- Band Current Control Technique of a Voltage-Fed PWM Inverter 

for Machine Drive System", IEEE Transactions on Idustrial Electronics, Vol. 37, No 5, October 1990. 

[7] Marian P. Kazmierkowski, Luiguui Malesani, "Current Control Techniques for Three-Phase Voltage-Source 

Converters: A Survey",IEEE Transactions on Industrial Electronics, Vol. 45, No. 5, Octoberl998. 

[8] EP 1 626 494 A2; Europeische Patentanmeldung, European Patent Office 

[9] EP 1 369 985 A2; Europeische Patentanmeldung, European Patent Office 

[10] T. Kerekes, G. Vazquez, P. Rodriguez, E. Aldabas, R. Teodorescu, "A New High-Efficiency Single-Phase 

Transformerless PV Inverter Topology", IEEE Transactions on Industrial Electronics, 2009 

Authors Information 

B. NAGARAJU received his M.Tech (Power Electronics, 2009) from, Vaagdevi College 
of Engineering, Warangal. He is currently working as an Assistant Professor in 
Department of EEE; Vaagdevi College of Engineering .His areas of interest include Power 
Quality Maintenance in Smart Grid using Renewable Energy Sources. 



K. PRAKASH received his M.Tech (Power Systems, 2003) from National Institute of 
technology, Warangal. He is currently pursuing his Ph.D (Electrical Engineering) National 
Institute of technology, Warangal. His areas of interest include Distribution System 
Studies, Economic Operation of Power Systems, Artificial Intelligence Techniques and 
Meta-Heuristics Techniques. 




376 | 



Vol. 2, Issue 1, pp. 369-376 



International Journal of Advances in Engineering & Technology, Jan 2012. 

©IJAET ISSN: 2231-1963 



Parametric Study of a Novel Stacked Patch 

Antenna 

V. Rajya Lakshmi 1 , M. Sravani 2 , G.S.N.Raju 3 

Department of Electronics and Communications Engineering, 

Anil Neerukonda Institute of Technology and Sciences, Visakhapatnam 

Department of Electronics and Communications Engineering, 

Andhra University College of Engineering (A), Visakhapatnam 



Abstract 

An inverted stacked micro strip patch antenna with single-fed at 1.30 GHz for GPS applications is designed at 
L band using electromagnetic simulator WIPL-D. The radiation patterns of micro strip antennas depend upon 
parameters like width, length, resonant frequency and dielectric constant. In view of this, by varying the height 
of the air gap, feed position and dielectric constant of the patch, corresponding radiation pattern, near field 
and return loss are observed. 

KEYWORDS' Stacked microstrip patch antenna, Return loss, Radiation pattern, WIPL-D 

I. Introduction 

Microstrip antennas often called patch antennas [1-5] are widely used in the microwave frequency 
region [6-7]. The advantages of the microstrip antennas are small size, low profile, and lightweight, 
conformable to planar and non planar surfaces. It demands a very little volume of the structure when 
mounting. They are simple and cheap to manufacture using modern printed circuit technology. There 
are many configurations that can be used to feed microstrip antennas. The four most popular are 
microstrip line, coaxial probe, aperture coupling and proximity coupling [8]. 

A wide range of substrate materials is available, clad with copper, aluminum or gold. Low 
cladding thickness simplify fabrication of the antenna to required tolerances, whereas thicker 
clads ease soldering [9]. For high power applications of microstrip antennas, a thick cladding 
is desirable. The large range of substrates are available, viz., PTFE, Polystyrene, 
Polyphenylene, Ceramic, etc., permits considerable flexibility in the choice of a substrate for 
particular applications [10]. 

In this paper, an inverted stacked microstrip patch antenna is designed with microstrip line 
feed using WIPL-D at frequency 1.30 GHz for GPS applications. GPS is global positioning 
system based on satellite technology [11-19]. In microstrip line type of feed technique, a 
conducting strip is connected directly to the edge of the microstrip patch. The conducting strip 
is smaller in width as compared to the patch and this kind of feed arrangement has the 
advantage that the feed can be etched on the same substrate to provide a planar structure. 
Hence this is an easy feeding scheme, as it provides ease of fabrication and simplicity in 
modeling. In order to simplify analysis and performance prediction, the patch is generally 
square, rectangular, circular, triangular, and elliptical or some other common shape. The effect 
of various parameters such as relative permittivity (e r ), the distance of feed position from 
center, and height of the air gap (h) on the performance of the antenna has been studied. 
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II. Stacked Microstrip Patch Antennas 

Coupled patch antennas can be made of two or multiple patches. The case of two stacked coupled 
patches can be viewed as a single wideband microstrip patch antenna that can be used alone or in an 
array [20-22]. Its gain will be slightly larger than that of a single-layered patch, due to its increased 
height above the ground plane, and controlled by its value in wavelength; that is, the larger the height 
of the stacked configuration, the larger its gain. This is the secondary benefit from the stacked 
structure, in addition to its broadband impedance bandwidth. The case of multiple coupled patch 
antennas can increase significantly both the input impedance bandwidth and the gain. 
The coupled patch antennas have fundamentally two different configurations, the planar structures 
and stacked configurations. Both these configurations were investigated concurrently. In the planar 
configuration the coupling is from the edges of the adjacent patches. Since the geometry represents 
two coupled resonators, the coupling coefficient is the most important parameter for broad banding 
of the input impedance [23-24]. However, the coupling in this case is normally weak and below the 
coupling level necessary for optimum broad banding. Thus the degree of bandwidth broadening is 
limited to around 10 percent, unless multiple planar patches are used. Nevertheless, this type of 
impedance bandwidth increase becomes attractive in the design of planar arrays, like microstrip Yagi 
arrays, where the planar structure makes this type of impedance broadening very natural. In other 
cases this configuration becomes appealing only if there is a limitation on the antenna height and 
adequate planar surface is available for the coupled patches. 

The stacked coupled patch structures have been favored in most applications because of the ease 
with which the coupling coefficient can be controlled by adjusting their separation height. Their 
other parameters such as the size of the patches and substrate parameters can also be modified 
independently to facilitate the designs [25-26]. Consequently, much research has been done on these 
antennas, and impedance bandwidths of 10-30 percent for (voltage standing wave ratio) VSWR < 2 
have been achieved. From broadband network theory, if the coupling between the two patches is too 
strong, i.e., above the required critical coupling, there are two resonance frequencies that 
increasingly separate by increasing the coupling coefficient. Since in stack patches their spacing 
controls the coupling, the antenna becomes dual band when patches are too close to each other. As 
the spacing is increased, the coupling reduces and the two resonances merge at the critical coupling 
to provide a broadband antenna. Further increase of the spacing reduces the bandwidth gradually. 

III. Antenna Design 



The basic design considerations for a rectangular patch were considered for the design. The length L 
of the patch is usually 0. 3333^0 < L < 0.5X o , where X is the free-space wavelength. The patch is 
selected to be very thin such that t « X (where t is the patch thickness). The height h of the 
dielectric substrate is usually 0.003Xo < h < 0.05 X . The dielectric constant of the substrate (e r ) is 
typically in the range 2.2 < e r < 12. Formulas used for the patch design is given below [27-32]. 
Patch width =w= — r ( 1 ) 



2/. 



Or+l 



Patch length=L = L e ^ — 2dL 

c 
Where L pff = — , 



(2) 
(3) 



dL = 0.412/1 



(£ re// +0.3)(-+0.264) 



W , 



(£ re// -0.258)( 7r +0.8) 



e r +l £ r -l ,. . „ h.-l 
£ re// =— + — (1 + 12-) 2 



Ground length, L g = 6h + L 
Ground Width, W g = 6h + W 



(4) 
(5) 
(6) 
(7) 
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The proposed antenna structure is shown in Fig 1. The top patch (length p2) is printed on substrate 
with thickness t2 and dielectric constant 8 r2 , and the bottom patch (length pl) printed on substrate 
with thickness tl and dielectric constant e r7 , while a air gap with thickness h separate the two layers 
of substrates, L is length of the ground plane. Polyflon-Norclad (e r2 =2.55, tan5=0.0011) with 
t2=1.5mm as superstate [33]. FR4-epoxy (e r i =4.4, tan5=0.02) with tl=lmm is used as substrate. In 
this paper, corner truncated approach is used with a pair of opposite corners (side length ql, q2). In 
stacked patch antenna, h is the other freedom parameter affecting return loss performance, which 
controls the coupling between patches [34-35]. 




Fig 1: Geometry of the proposed stacked microstrip antenna 

Fig 2: shows the cross sectional view of the microstrip patch antenna deigned in WIPL-D with line 
feeding and table 1: Shows the designed parameters of patch antenna using line feeding. 

Table 1: Parameters of the patch antenna using line feeding (mm) 



L 


pl 


p2 


ql 


q2 


tl 


t2 


h 


97.6 


52.6 


82.6 


7.2 


14.8 


1 


1.5 


8 




Fig 2: Cross sectional view of microstrip patch antenna 

Figs 3 and 4 indicate the upper (parasitic) and lower (radiating) patches of proposed stacked patch 
antenna. 




p2 = 82.6 mm 



p2 = 82.6 mm 



K-^x 




-ql = 7.2 mm 




pl = 52.6r 



pl = 52.6 mm 



Fig 3: Parasitic patch 



Fig 4: Radiating patch 
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Antenna consists of ground plane, square patch and dielectric parts. Cyan color indicates the metallic 
surfaces, Yellow, dark blue and Red indicate dielectric surfaces of first and second layers 
respectively [36]. 

IV. Modeling And Simulation 

The software used to model and simulate the microstrip patch antenna is WIPL-D. It is a 3D 
frequency domain EM solver based on method of moments [37-38]. It enables to model the 
structures of arbitrary shape using wires and plates as basic building blocks. The basic steps when 
using the 3D EM solver are defining the problem, editing and checking the input data, saving the 
project and running the analysis, listing and plotting the computed results [39-40]. 

V. Results 

Fig. 5 represents the overlaid Return Loss at different dielectric constants, maximum Return Loss 
observed at e r2 =2.55 Fig. 6 shows the overlaid Return Loss at corresponding heights, maximum 
Return Loss observed at h=8mm. Fig. 7 shows the overlaid Return Loss of corresponding feed 
positions, maximum Return Loss observed at feed=(-4,25). Figs. 8-10 represent the overlaid 
Radiation pattern at phi=180° at different dielectric constants, heights and feed positions 
respectively. Fig. 11 shows the Radiation pattern in 3D at optimum feed = (-4, 25), h=8mm, e r2 =2.55. 
Tables 2-4 represent the Return Loss observed at different values of 8 r2 , feed position and height 
respectively. 
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Fig 5: Return Loss at e r2 = 2.55, 2.2, 2.08 
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Fig 6: Return Loss at h=8mm, 9mm, lOmm, 11mm, 13mm. 
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Fig 7: Return Loss at feed position = (-4, 25), (-4,23), (-4,21), (-4,19) 
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Fig 8: Radiation pattern at s r2 = 2.55, 2.2, 2.08 
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Fig 9: Radiation pattern, at h=8mm, 9mm, 10mm, 11mm, 13mm 
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Fig 10: Radiation pattern, at feed position = (-4, 25), (-4, 23), (-4, 21), (-4, 19) 
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Fig 11: Radiation pattern observed in 3D at feed = (-4, 25), h=8mm, e r2 =2.55 



Table: 2 Return Loss at different values of e r2 

8 r i=4.4, h=8mm, feed position (-4, 25) 



£r2 


Return Loss (dB) 


Frequency (GHz) 


11.9 


-19.07 


1.30 


4.882 


-32.38 


1.30 


9.5 


-21.48 


1.30 


2.08 


-43.29 


1.30 


2.2 


-44.39 


1.30 


2.55 


-50.45 


1.30 


6 


-27.53 


1.30 


10.8 


-19.99 


1.30 



Table: 3 Return Loss observed at different values of feed position 
At s rl =4.4, e r2 =2.55, h=8 



Feed position 


Return Loss in dB 


Frequency (GHz) 


-4,19 


-21.82 


1.30 


-4,21 


-22.83 


1.30 


-4,23 


-28.30 


1.30 


-4,25 


-50.45 


1.30 



Table: 4 Return Loss observed at different values of height 
At 8 ri =4.4, 8 r2 =2.55, feed position (-4, 25) 



Height (mm) 


Sll(RL)indB 


Frequency (GHz) 


7 


-33.26 


1.30 


8 


-50.45 


1.30 


9 


-37.51 


1.30 


10 


-30.03 


1.30 


11 


-25.88 


1.30 


12 


-24.01 


1.30 


13 


-21.38 


1.30 


14 


-19.37 


1.30 



VI. 



Conclusion 



An inverted patch antenna is designed with double layers of truncated square patches using line 
feeding to operate at L-band for GPS applications using WIPL-D. By varying the feed position, 
dielectric constant and height of the air gap (h) corresponding radiation pattern and return loss are 
observed. The optimum feed position, dielectric constant and height of the air gap (h) are found to be 
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(-4, 25), 8 r2 = 2.55 and h = 8mm respectively. The return loss of -50.45 dB is observed at designed 
frequency 1.30GHz. 
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Abstract 

A biometric system is essentially a pattern recognition system. It compares the feature set data against the set of 
templates. Initially the biometric data is acquired from the subject, and from the acquired data the feature sets 
are extracted, these feature sets are used for comparison. With the ever-growing use of biometrics, it is the 
utmost need to use standard biometric systems. The biometric standards simplifies otherwise complicated 
choices, enables large scale integration, promote longevity and enables interoperability of the biometric 
systems. ISO/IEC has developed the biometric standards for all modalities. The part-5 of it contains the Face- 
Image Format for Data Interchange. It defines specifically a standard scheme for codifying data, describing 
human faces within a compliant data- structure. In order to enable applications that run on a variety of devices, 
including those with limited resources and to improve face recognition accuracy; the specification describes not 
only the data format, but also additional requirements, namely: scene constraints; photographic properties; 
digital image attributes. 

KEYWORDS' Biometric standards, Biometric modalities, Face recognition. 

I. Introduction 

Biometric is the technique used to identify or verify a person by using the biological and behavioural 
characteristics of a person. The main objectives to implement the biometric system are to provide 
security towards the access of data, prohibit the entry of the unauthorised person in the restricted area, 
identify a person with criminal record or maintain the working time -record of an employee. It is the 
automated system which recognizes the individual based on the measurable biological and 
behavioural characteristics. The characteristics must be any automatically measurable, robust and 
distinctive physical trait. Biometrics' which are commonly used includes: Fingerprint Recognition, 
Iris Recognition, Face Recognition, Hand Geometry Recognition, Vein Recognition, Voice 
Recognition and Signature Recognition. In other words the biometrics can be referred to an automated 
system that can identify an individual by measuring their physical and behavioral uniqueness or 
patterns, and comparing it to those on record, instead of requiring personal identification cards, 
magnetic cards, keys or passwords, biometrics can identify fingerprints, face, iris, palm prints, 
signature, DNA, or retinas of an individual for easy and convenient verification [1][2]. A biometric 
system is essentially a pattern recognition system that operates by acquiring biometric data from an 
individual, extracting a feature set from the acquired data, and comparing this feature set against the 
template set in the database. 

The overall process can be implemented in two phases; Enrolment phase and Authentication phase. 
At the enrolment end a sample of the biometric trait is captured, processed by a computer, and stored 
for later comparison. And at the authentication or recognition end biometric system recognizes a 
person or authenticates a person's claimed identity from their previously enrolled pattern as shown in 
figure 1. In this process the comparison is carried out by one of two types of searches. They provide 



385 



Vol. 2, Issue 1, pp. 385-392 



International Journal of Advances in Engineering & Technology, Jan 2012. 

©IJAET ISSN: 2231-1963 

either a one-to-one (A sample is compared with single stored template) or a one- to-many (A sample 
is searched against database of templates) search capability. One-to-one process which is also known 
as verification or authentication checks the validity of a claimed identity by comparing a verification 
template to an enrolment template. One-to-many search is known as identification or recognition, is 
designed to determine identity of a person based on biometric information only. The template of one 
person is compared against all biometric templates enrolled in the system. 




Enrolment Phase 




Capture the 

biometric 

traits 



Process and 
generate the 
templates 



Database to 
store biometric 
templates 



Capture the 

biometric 

trait 



Process and 

generate the 

candidate 

template 



Authentication Phase 



Compare 
with database 
and generate 
result 



Figure 1: Biometric process 

II. The Measures of Modality 

The modalities that are being commonly used can be classified into two categories; physiological and 
behavioural. Physiological biometrics includes fingerprint recognition, iris recognition, retina scan, 
face recognition, DNA biometrics whereas the voice recognition, signature verification, keystroke 
verification and gait recognition are considered as behavioural biometrics. For every biometric 
technique the four possible outcomes are Genuine Accept, False Accept (Error), Genuine Reject, 
False Reject (Error). The performance of biometric system is evaluated by considering two factors; 
False Accept Rate (FAR) and False Reject Rate (FRR). The FAR is the chance that someone other 
than you is granted access to your account. Low false acceptance rate is most important when 
security is the priority. The FRR is the probability that the genuine user is not authenticated to access 
his/her account. Low FRR is required when convenience is the important factor. Therefore the 
balance between these two errors is required to implement an efficient biometric system. To enhance 
the performance of biometric system as well as to answer the accessibility issues the multimodal 
biometric is the widely accepted solution. The multimodal biometric system makes use of multiple 
biometrics like face recognition with signature verification, fingerprint recognition with iris scan, gait 
recognition with retina scan. The multimodal biometric systems are rapidly progressing. As far as 
biometrics for personal recognition is concerned, any biological or behavioural characteristic can be 
used as a biometric identifier providing it satisfy the basic requirements [3]. These requirements are 
considered as measures of modality. 

Universality: Every person should have the characteristic which is considered as the biometric trait 
for the recognition. The dumb candidate or a person without a fingerprint, need to be accommodated 
in some other way. 
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Uniqueness: Generally, no two people have identical characteristics. However, identical twins are 

hard to distinguish. The combination of physiological and behaviour traits can help to improve 

identification performance. 

Permanence: The characteristics should not vary with time. A person's face, for example, may 

change with age. In such cases the registration/ enrolment should be repeated after certain period. 

Collectability: The characteristics must be easily collectible and measurable. 

Performance: The method must deliver accurate results under varied environmental circumstances. 

Acceptability: The general public must accept the sample collection routines. Nonintrusive methods 

are more acceptable. 

III. Biometric Standards 

Biometric systems work on images to measure and record biological characteristics. The enrolled/ 
trained images are converted into templates using image processing algorithms. These templates 
further are used to verify, recognize or identify individuals. These systems are implemented in mainly 
four phases; these phases are implemented to collect, store, analyze and exchange data efficiently and 
securely (see Figure 2). This figure is reconstructed from Biometric Standards for DoD Operational 
Requirements by [4], it depicts the generalized method of biometric standardization. Biometric 
standards allow the systems to implement the standardization of various components. It allows ease of 
maintenance, interoperability, and longevity of systems. 



Collect 
biometrics 



Store in 

Interagency 

Database 



Standard Protocol 



Standard 
Data Format 




Store in 

Local 

Database 




Biometric 
Standardizat 




Standard Protocol 



Standard 
Data Format 



Standard Protocol 




v 



Store in 
y Central 
Database 



Figure 2. Biometric Standardization 

International Organization for standardization (ISO)/ International Electrotechnical Commission 
(IEC) guide 2:2004 defines a standard as "a document, established by consensus that provides rules, 
guidelines or characteristics for activities or their results" [5]. As shown in the figure-2 biometric 
standardization uses the standard interfaces, standard protocols and standard data format which makes 
the biometric system as a standard system. These standards-based interfaces and data formats enable 
the system to be vendor independent, it incorporates interoperability and data sharing among various 
subsystems. It also helps to review the existing standards and, if required, modify or extend, to specify 
the design parameters of the standards and to generate the standard performance results. 
The biometric standards support standardized performance and conformance testing which results 
into uniform test results and predictable matching performance also the standards-based sample 
quality assessment generates the uniform quality scores, it also help consistent design of quality 
measurement tools which results into improved matching performance. The four basic types of 
standards are: 
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3.1 Interfaces for Technical Information 

Technical interface standards are specific to interactions between subsystems and components within 
one system. These standards include possible mechanisms to store data securely and protect data as 
it's exchanged between subsystems and components. They specify the need for architecture and 
operations necessary to identify additional standards required to support multi-vendor systems and 
applications. 

3.2 Formats for Data Interchange 

Standards of data interchange formats are mode specific and specify meaning, representation and 
content of formats. These standards are used for the interchange of data between multiple systems. 
They identify specific formats for transfer and notation that separate transfer syntax from content 
definition, providing independent platforms. There are modality specific formats for biometric 
systems such as Finger Minutiae Format for Interchange, Face Recognition Format for Data 
Interchange, Iris Interchange Format and Finger Image Based Interchange Format. 

3.3 Standards of Application Profiles 

The standards of application profiles are developed to enable interoperability of information within 
system applications. These are specifications for at least one base standard relative to other 
standardized profiles. When necessary, they identify options, parameters, chosen classes and 
conforming subsets of base standards and other relevant profiles. These special applications of these 
standards are Verification of Transportation Workers and Border Management, as well as Point of 
Sale applications. 

3.4 Standards for Testing and Reporting 

Standards of performance testing and reporting define testing methodology and the requirements of 
reporting test results. These standards specify methods of calculations, definitions of metrics used, 
testing protocols and scenario testing protocols. 

IV. The Developers of Biometric Standards 

The Biometric standards are developed by the government agencies and the standard development 
organizations (SDOs). The committees and institutes who are involved in development of biometric 
standards are; 

i. National Institute of Standards and Technology (NIST) 
ii. International Committee for Information Technology Standards (INCITS) Ml 
iii. Joint Technical Committee 1 (JTCl)/Subcommittee 37(SC37) 
iv. Organization for the Advancement of Structured Information Standards (OASIS) 
The brief description of standard development organizations is included in table- 1. This table contains 
the names of SDO, The basic information about SDO, The tasks these SDOs deal with, and the 
deliverables of each SDO. All this information is extracted from [5] [6]. 





Table 1 


. A brief description of each SDO . 


SDO 


About SDO 


Deals with 


Standard Task Group/ 
Works groups/Deliverables 


NIST 


Secretary of 


Standards and 


DELIVERABLES 




Commerce 


Guidelines for Federal 


NISTIR- NIST interagency report- 




Under information 


Computer Systems. 


NISTIR6529-A (CBEFF) 




of technical 


Specially handles 


NIST special Publications 




management 


security and 


SP-500-245 




reform act. 


interoperability. 


ANSI/NIST-ITL 1-2000 data formats 
for interchange of fingerprint, facial & 
scar mark and tattoo information. 


INCITS Ml 


Established in 


Information and 


STANDARDTASK GROUPS 


(Membership 


November 2001 by 


communication 


M1.2 


Open to any 


ANSI 


Technology (ITC), 


(Biometric technical Interfaces) 


Organization) 




Store, Process, 


M1.3 


It also serves as 




Transfer, 


(Biometric Data Interchange Formats) 
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technical 




Display and manage 


Ml. 4 (Biometric profiles) 


Advisory 




information 


M1.5 


Group(TAG) for 






Biometric performance Testing and 


ISO/IEC (JTC1) 






Reporting) 

Ml. 6 

(Societal Aspects of Biometric 

implementation) 


JTC1/ SC 37 


Established in June 


The international 


WORKING GROUPS 


(Has twenty-one 


2002,BybyJTCl 


standardization 


WG1 -Harmonized Biometric 


participating 




projects for generic 


Vocabulary 


countries, six 




biometric technologies 


WG2- Biometric Technical 


observer 




to support data 


Interfaces (standards for Bio API and 


countries, and 




interchange, 


CBEFF) 


eleven liaison 




interoperability, and 


WG3- Biometric Data Interchange 


organizations) 




testing 


Formats 

WG4- Biometric Functional 

Architecture and related profiles 

WG5 -Biometric Testing and Reporting 

WG6-Cross jurisdictional and societal 

aspects 


OASIS 


Founded in 1993 


Web services standards 


OASIS XCBF- Standard way to 


(Not-for-profit, 


(has more than 


for security, e-business 


describe identity 


international 


5000 participants, 


and standardization 


OASIS TC defined a XML encodings 


consortium) 


from 600 


efforts in the public 


based on ASN.l schema of ANSI 




organizations and 


sector and for 


X.84:2003 




100 countries) 


application specific 


They confirm XER-XML encoding 






market. 


rules. 

SAML- Security Assertion Markup 

Language developed by OASIS-SSTC 



V. Face Biometric Standards 

Face recognition is the automated process for recognizing individual by using facial characteristics. It 

is considered as the most challenging biometric method because of the perceptually identical structure 

of human faces, the possible environmental changes and variance in image capture conditions. ISO 

standards 19794-5 is the international standard for face recognition [7], it describes interchange 

formats for several types of biometric data. ISO/IEC 19794-5 defines specifically a standard scheme 

for codifying data describing human faces within a CBEFF-compliant data structure for use in facial 

recognition systems; it implements interoperability among vendors [8]. This international standard is 

intended to provide a face image format for face recognition applications requiring exchange of face 

image data. It has significant impact on both government and civilian biometric implementation such 

as E-passport, personal identity documents and access control systems. 

The four main requirements in ISO 19794-5 are: 

Photographic Specifications. 

This standard specifies the photographic conditions such as lighting conditions, positioning of 

cameras as well as focus set by cameras. 

Scene Constraint Specifications. 

This standard specifies the scene constraints such as pose and expressions. 

Digital Specifications 

It also specifies the digital image attributes so as to have standard image resolution and image size. It 

helps to verify some identification marks and will also work on the devices with limited memory 

space. 

Image Data Format Specifications. 

The face image data format should follow specific format provided by the ISO standard to specify all 

details. 

These four requirements help in improving face recognition accuracy. 
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VI. The Face Image Types and Record Format 

The ISO/IEC 19794-5 standards provide four face image types these types are Basic, Frontal, Full 
Frontal and Token Frontal. The Basic image is the fundamental face image type which specifies a 
record format including header and image data. There are no mandatory scenic, photographic and 
digital requirements for this image type. The Frontal is a kind of basic face image type that adheres to 
additional requirements appropriate for frontal face recognition. The frontal images are also used for 
human examination. The fundamental requirements are the limitation on head rotation angle, shadows 
over the face, subject lighting, scene lighting. Another type is Full Frontal type. In this type frontal 
images are specified with sufficient resolution for human examination as well as reliable automated 
face recognition. These types of images also include the full head as well as the neck and shoulders. 
These images are used to store the facial information permanently. Token Frontal is the fourth face 
image type which specifies frontal images with a specific geometric size. The main specification is 
regarding eye positioning based on the width and height of the image. The most important use of this 
type of image is to minimise the storage requirements on automated face recognition. 
Another important specification is regarding image record format. The detail implementation of this 
format is as shown in the Figure 3 which is extracted from ISO/IEC 19794-5: Biometric Data 
Interface Format - Face Image Data [5]. This organization of the record format includes fixed-length 
(14 byte) Facial Record Header containing information about the overall record, including the 
number of facial images represented and the overall record length in bytes and a Facial Record Data 
block for each facial image 
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Figure 3: Face Image Record Format source: ISO/IEC 19794-5 

This data consists of fixed length (20 byte) Facial Information block describing discernable features 

of the subject such as gender, multiple (including none) fixed length (8 byte) feature points block 

describing feature points in a facial image, A fixed length (12 byte) Image Information block 

describing digital features of the image such as face image type and dimensions such as width and 

height. 

The standard provides the normative requirements for all the four types of face images; basic, frontal, 

full frontal and token frontal. These image -type specific requirements includes expected specification 
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of facial image like its encoding format, degree of rotation, camera position, lighting condition, 

resolution of the image. The face image provider and vendors should ensure that the normative 

requirements for the chosen image type are met [9]. While face image captured is normally handled 

by third party, it is logical for the biometric system integrator or biometric solution provider to 

implement automated conformance testing of ISO/IEC 19794-5 to ensure that input face images are 

compliant with the respective requirements of face image types. 

By establishing standard formats for facial images the following objectives can be achieved[ll]: 

. Allow interoperability among facial recognition vendors 

. Minimize the amount of data necessary to store face information with applications that have limited 

storage 
. Ensure that enrolled images will meet a quality standard needed for face recognition 
. Improve system throughput by saving the intermediate data instead of the raw data 

VII. The End-User Adoption of the Biometric Standards. 

Standards are useful only if they are adopted. There is generally a lag time between the availability of 
standards and the availability of compliant products [10]. Further, many times vendors delay 
implementing the standards until they see customer demand for compliance. Some of the examples of 
end-user adoption of standards are listed below. 



Table 2 . Examples of end-user adoptions 



End user adoptions 


Application 


E-Passports 


The International Civil Aviation Organization (ICAO) 
of the UN sets the requirements for machine readable 
travel documents (MRTDs), including e-passports and 
visas. ICAO has required that the biometrics stored 
within the e-passport conform to the requirements of 
the SC37 biometric data interchange format for face, 
fingerprint, and iris data. 


Seafarer Identification. 


The International Labour Organization (ILO) of the 
UN has a program for issuing a common identification 
credential for seafarers. This program has required that 
the fingerprint minutiae templates stored on the 
seafarer ID card conform to ISO/IEC 19794-2. 


US Department of Homeland Security 


DHS has required the use of INCITS biometric 

standards in 

several of its large biometric projects to include: 

• US Visitor and Immigration Status Indicator 
Technology (US VISIT) border management program 

• Transportation Worker Identification Credential 
(TWIC) 

• TSA Registered Traveler program 


US Department of Defense 


A number of INCITS standards have been adopted 
within the DoD Joint 

Technical Architecture and the Defense Information 
Standards Registry. 


US Federal Employee Personal Identity 
Verification. 


To comply with Homeland Security Presidential 
Directive (HSPD) 12, NIST developed technical 
specifications for the associated biometric-based 
credentialing system. Included in these specifications 
are requirements for compliance with the INCITS 
biometric data format specifications for finger images, 
minutiae templates, and facial images. 
Product availability is in progress, particularly since 
most of the standards are so recent, but a good 
example is the availability of Bio API compliant 
products. Bio API was released in 2001 and became an 
official ANSI standard in 2002. At this point, 
approximately 40 products have been announced 
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VIII. Conclusion 

Biometric recognition can be described as automated methods to accurately recognize individuals 
based on distinguishing physiological and/or behavioural traits. The biometric traits plays vital role in 
making the biometric systems robust and performance efficient it is an increasingly critical 
component in the protection of information, infrastructure and personal identity, the continued 
development of comprehensive biometric standards is essential to ensure reliability, security, 
interoperability, usability and scalability.The International biometric standards are being widely used 
in both government and civilian applications. Especially the face recognition standards help in 
improving performance accuracy for identity and passport verification. Besides making the biometric 
system interoperable it also help in reducing the computational cost because of the less requirement of 
image pre-processing and image registration task. The Image database containing the images in 
standard format improves efficiency, robustness and interoperability of the biometric system. 
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Abstract 

Cloud computing, a approach of computing where scalable and elastic IT-related capabilities are provided as 
shared assorted services (IaaS, PaaS,SaaS, DaaS), metered by use, to customers using internet technologies 
built on top of diverse technologies like virtualisation, distributed computing, utility computing, and more 
recently networking, web infrastructure and software services. It represents a paradigm shift in how we think 
about our data, the role of our computing devices and on managing computing resources. Cloud computing 
comes with Zero latency so the application hosted on cloud computing will act just like desktop application. The 
speed of internet is main factor to avoid latency but internet speed is not same in all the geographical location. 
From the survey it's found out that some latency occurs in different geographical location. Even different 
browser gives different latency. The problem of latency or low bandwidth may be automatically solve in 
coming years as the speed of internet is changing day to day. If users are going to adopt cloud computing then 
user must think of internet speed which is available in mean time. The internet connection should be good 
enough to support cloud computing minimum requirement would be 1MPBS. 

KEYWORDS' Cloud computing, bandwidth, latency, web applications 

I. Introduction 

Outsourcing of data center functionality and availability of desktop application online in web mode 
via a network connection is what we tern cloud computing [50] [52] [51]. Companies and SME are all 
under the cloud computing[49][48] many businesses has been move to cloud, moving of cloud cut 
down the IT cost having the security with less IT staff, having the power of scalability and elasticity 
of cloud computing has changes who we use the computer. The expenses have been cut down and 
traffic of network has increase to double times [47]. Having a big question in mind the future of cloud 
service will replace desktop application and we all will depend on internet [15] [19]. Will the future of 
internet support us? A concern for many organizations is that cloud computing relies on the 
availability, quality and performance of their internet connection. Poor application performance 
causes companies to lose customers, reduce employee productivity, and reduce bottom line revenue 
[40] [42]. Because application performance can vary significantly based on delivery environment, 
businesses must make certain that application performance is optimized when written for deployment 
on the cloud or moved from a data center to a cloud computing infrastructure [41]. Dependence on an 
internet connection raises some key questions: 

• What happen if we lose internet connection? 

• What if the net connection which we use does not support SaaS application 
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Moving an existing in-house application or new application to the cloud will almost surely have some 
trade-offs in terms of performance [43] [44] [45]. Most existing enterprise applications won't have 
been designed with the cloud in mind [54] [53]. Organizations considering moving to cloud computing 
will certainly have to think in costs for improving the network infrastructure required to run 
applications in the cloud [10] [59] [58] [57] [56]. On the other side, bandwidth continues to increase and 
approaches such as dynamic caching, compression, pre-fetching and other related web-acceleration 
technologies can effect in major performance improvements for end users, often exceeding 50% [60]. 
The application has to design or redesign in such a way that it will support cloud computing in order 
to achieve maximum performance [12] [60]. Latency [ 55] (the time taken, or delay, for a packet of 
data to get from one designated point to another) will undoubtedly be an issue for certain applications. 
CRM or stock trading applications which require near-zero latency will probably be run in-house for 
many years to come [25]. Latency on the Internet is extremely variable and unpredictable there may a 
problem when putting these applications in the cloud [61] [62] [63]. There are many cloud computing 
commentators who claim that the cloud will never be able to support these types of applications. 
However, vendors such as Juniper and IBM are already demonstrating extremely low latency 
capabilities in the cloud so it's a case of watch this space [1][39]. 

Any desktop application which was being hosted in local server will be hosted in cloud services [26]. 
The power of desktop application may not be able to support so much power resource on network 
[27]. Cloud is providing preconfigured infrastructure at lower cost, which generally follows the 
Information Technology Infrastructure Library, can manage increased peak load capacity and 
moreover uses the latest technology, provide consistent performance that is monitored by the service 
provider [37]. Dynamic allocation of the resources as and when is needed. Cloud computing reduces 
capital expenditure and it offers high computing at lower cost [21] [3 8]. Upgrading your hardware/ 
software requirement also easy with the cloud, without disturbing the current work. Scalability and 
maintenance is easy in the case of cloud. Easily user can rent/lease the services offered by cloud 
computing vendors [2] [13] [14]. Latency may cause security problem while using cloud computing as 
the connection will be alive for long time [33]. SLA has to be taken care while adopting cloud 
computing by the user [34] [35]. Security has to be taken in cloud storage also [36]. 
User will be charged as pay per usage like utility based services [31]. Overall Cloud is giving good 
performance at lower cost instead of making more capital investment [32]. The rest of the paper is 
organized as follows: Section 2 discusses about the Cloud providers. Section 3 Related work Section 
4 Problem Definition and technical study, and Conclusion. 

II. Cloud Provider 

A. Infrastructure as a Service (IaaS) provisions hardware, software, and equipments to deliver 
software application environments with a resource usage -based pricing model. Infrastructure can scale 
up and down dynamically based on application resource needs [3]. 

B. Platform as a Service (PaaS) offers a high-level integrated environment to build, test, and deploy 
custom applications. Generally, developers will need to accept some restrictions on the type of 
software they can write in exchange for built-in application scalability. An example is Google's App 
Engine, which enables users to build Web applications on the same scalable systems that power 
Google applications, Web application frameworks, Python Django (Google App Engine), Ruby on 
Rails (Heroku), Web hosting (Mosso), Proprietary (Azure, Force.com) [3]. 

C. Software as a Service (SaaS) User buys a Subscription to some software product, but some or all of 
the data and codes resides remotely. Delivers special-purpose software that is remotely accessible by 
consumers through the Internet with a usage-based pricing model. In this model, applications could 
run entirely on the network, with the user interface living on a thin client. Salesforce is an industry 
leader in providing online CRM (Customer Relationship management) Services. Live Mesh from 
Microsoft allows files and folders to be shared and synchronized across multiple devices. Identity 
(OAuth, OpenID), Integration (Amazon Simple Queue Service), Mapping (Google Maps, Yahoo! 
Maps), Payments (Amazon Flexible Payments Service, Google Checkout, PayPal), Search (Alexa, 
Google Custom Search, Yahoo! BOSS), Others (Amazon Mechanical Turk) Other than the listed 
above companies, many companies started offering cloud computing services[3]. 
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III. Related Work 

Cloud computing promise to deliver desktop like application in web which is support by any internet 
enabled device. Web applications are now hosted in elastic cloud environments where the unit of 
resource allocation is a virtual machine (VM) instance. A variety of techniques can reduce the latency 
of communication between VMs co-located on the same server in, say, a private cloud[17] on elastic 
cloud systems, there will be co-located VMs of the same web application on the same physical server 
that can take advantage of shared-memory IPC between the VMs. It is shown that Nahanni 
memcached, used with VDE networking, can improve the total read-related latency for a workload by 
up to 45% (i.e., read latest workload) compared to standard memcached, resulting from reductions in 
cache read latency of up to 86%. When combined with state-of-the-art paravirtualized network 
mechanisms, such as vhost, Nahanni memcached can still reduce the total read-related latency by up 
to29%.[5][6][8][9][ll] 



IV. Problem Definition and Technical Study 

Latency seems to be major problem. Latency is also depends on geography and distance from server 
to host. Great latency happens when the end user and internal networks system is far from the cloud 
environment [20] [21]. End user is platform dependent and all depend on net speed, if the end user is 
not having high speed connection then end user has to cost more money to get the cloud speed [5] 
[30]. A minimum requirement to use cloud is lmpbs. All cloud is going to cost us in high bandwidth 
even if they provide us the all *.aas service [31] [32]. We can see the difference of cloud when we 
access in cyber cafe or GPRS connection, when I check in cyber cafe and try to open Google docs it 
took 20 sec while when it is try to open at the campus of university which provide 5.4 mbps it open in 
2 sec. 

Below is a technical report of some cloud provider. 
The below test is taken at www.cloudsleuth.net 
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Fig 2. Cloud Providers/ Windows Azure(Southeast Asia-Singapore) From 56kbps 
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Fig 3 Cloud Providers/ Google App Engine from 5.4 mpbs 
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Fig 4 Cloud Providers/ Google App Engine from 56kbps 




I WINDOW AZURE 5.4 
mbps 

IGAE5.4 mbps 



WINDOW AZURE 
56kbps 



I GAE 56kbps 



Fig 5 Graphical Represent of latency 



Browser and Location Response Time Differences 
(seconds)* 



Lo c ati o n Internet Explorer 7 Firefox 3. 5 








New York, NY 0.467 


0.372 










Seattle, WA 1.225 


1.428 








Los Angeles, CA 0.794 


1.555 








Chicago, IL 0.516 


0.905 









Fig 6 Location Response Time Differences 
URLtested: https://docs.google.com/?tab=mo&authuser=0&pli=l#home 
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From the above test which was conducted on www.cloudsleuth.net in two major cloud application 
window azure and Google app engine, I have found out that in different city the response time is 
slight up and down I also observe that some site browser controls the latency of the web application. 
The test is taken with same net connection with 5.4 mbps. Browser latency was taken on google docs 
because we all use google docs. If the speed on high bandwidth 5.4mpbs some latency is there then I 
believe that there would be a big gap with different net connection. In India the net speed connection 
is not always same. Even BSNL who provides broad band connection to all nation of India don't' 
provide same speed on different state. Speed of BSNL provided in northeast India and speed of BSNL 
provided at southern region is not same. 

If all we depend on cloud then there would be huge gap among the user also. If the user want to utilize 
the cloud then he has spend more money on it. We have to take a best net connection to use cloud 
computing. But in recent years lots of changes has came from 2g to 3g and network service is much 
better than before but can cloud computing can adapt in India both rural and urban. 

V. Conclusion 

In the context of different geographic location and different web browser web application has to be 
design to avoid latency. Web application is design to give us like desktop application any delay in 
latency would be a great lose too many clients. Cloud computing expect to give us no latency but 
from the survey it is found that latency occurs on different geographical location. Above diagram and 
chart shows that difference in response time in different location with different web browser. A better 
algorithm is needed to prevent the latency while using the cloud computing. Cloud computing 
represents a powerful and proven solution for IT departments to increase elasticity and cut costs 
typically associated with the deployment of new platforms. However, the consideration of cloud 
computing should not be limited to this view and should take into consideration the entire system 
solution - from Cloud to end-user. Use of redundant cloud architecture, redundant data center 
infrastructure and an innovative route optimization technology can provide the required performance 
and availability of applications. Additionally, use of technologies beyond the cloud edge such as TCP 
acceleration and content delivery networks can further improve content delivery to end-users. 
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Abstract 

Ultrasound imaging is one of the promising techniques for early detection of prostate cancer. There are five 
steps involved in processing the ultrasound images such as pre-processing, segmentation, feature extraction, 
feature selection, and classification. In this paper, the Transrectal Ultrasound (TRUS) images are pre- 
processed with M3 filter. Then it is segmented by using DBSCAN clustering after applying morphological 
operators, in order to extort the prostate region. It is proposed to extract the features by using Gray Level Run 
Length Matrix (GLRLM) for different direction from the segmented region. To classify the images into benign or 
malignant, Support Vector Machine (SVM) is adapted to evaluate the performance of the proposed method 
through classification. Over 5500 digitized TRUS images of prostate are used for the experimental analysis. 
The results obtained using the classification showed that texture features based on GLRLM by using combined 
directions (0 = {0°, 45°, 90°, 135°}) distinguish between malignant and benign on TRUS images, with highest 
accuracy 85% where as sensitivity and specificity of 82% and 100% respectively. 

KEYWORDS: SVM, GLRLM, Prostate, DBSCAN, M3-Filter, Sensitivity, Specificity, Accuracy 

I. Introduction 

In Early detection of cancers such as prostate cancer, breast cancer, lungs cancer, cervical cancer and 
blood cancer, digital image plays a vital role. Prostate cancer is now most frequently diagnosed with 
one in every eleven men [19]. It is in the second position in cancer-related cause of death only for 
male [16]. To diagnosis and prognosis, Ultrasound imaging method is recommended in general. 
Because of the result of reflection, refraction and deflection of ultrasound waves from different types 
of tissues with different acoustic impedance, an accurate detection of region of interest in ultrasound 
image is crucial. 

Normally, the contrast in ultrasound image is very low and boundary between region of interest and 
background are more uncertain [15]. Different types of noises affect the mages. The ultrasound image 
with speckle noise and weak edges make the identification of prostate region more difficult. Hence, 
the analysis of ultrasound image is more challenging one. 

In General, there are two common use of ultrasound medical imaging: (i) To guide the oncologist in 
the biopsy procedure and (ii) To establish the volume of the prostate. This method is used in 
diagnosing for more than 50 years. To classify the proteomic into benign or malign, the statistical 
textural features are extracted from the segmented region. This paper emphasis the extraction of 
textural features using GRLM for various directions and Support Vector Machine (SVM) is adopted 
for classification. An overview of the proposed system is presented below. 
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II. Overview of the System 

There are five stages in the proposed system consists, such as acquisition of Transrectal Ultrasound 
(TRUS) image of prostate, pre-processing, segmentation, feature extraction and classification. For 
automatic detection of prostate tumour in TRUS image, Computer Aided Diagnosis (CAD) system is 
developed. It can provide the valuable viewpoint and accuracy of earlier prostate cancer detection. 
The overview of the proposed system is depicted in figure 1. 



Image 

Acquisition 


-* 


Preprocessing 


— 1 


Segmentation 




Classification 



Figure 1: CAD System 

The subsequent sections describe each stage in detail. The rest of the paper is organized as follows: 
section 2 deals about Image Acquisition and pre-processing of original TRUS medical image of 
prostate for noise removal and enhance the contrast of the image. The DBSACN clustering with 
morphological operators for locating the Region of Interest (ROI) from TRUS prostate medical image 
is described in section 3. The feature extraction through GLRLM for the classification of prostate 
cancer is illustrated in section 4. The SVM classifier is discussed in section 5. The experimental 
analysis and discussion are presented in the section 6. Section 7 concludes this work with further 
directions. 

III. Image Acquisition and Preprocessing 

Among the different medical imaging modalities, Ultrasound imaging is a widely used technology for 
prostate cancer diagnosis and prognosis [20]. Less than 30 minutes is required for each case of image 
acquisition processes. The TRUS images of the prostate gland are acquired while the TRUS probe is 
supported and manipulated by the TRUS Robot which uses joystick located next to the console. By 
rotating the probe about its axis with minimum displacement and deformation, the entire prostate is 
scanned. The surgeon can manually adjust the probe depth. Exact recording of images and 
corresponding TRUS frame coordinates were obtained. The gathered information is used in offline 
segmentation for the ultrasound image of the prostate gland. Via frame grabber, Image acquisition is 
done from ultrasound device. Using a series of TRUS images, image of the prostate can be generated 
[21]. Because of poor image contrast, speckle noise, and missing or diffuse boundaries in the TRUS 
images, the ultrasound images are very difficult to segment. 

The speckle noise is commonly found in the ultrasound medical images and hence M3 -Filter is used 
to generate a despeckled image [14]. Data dropout noise is common and this is generally referred to as 
speckle noise [18]. An error in data transmission causes this noise. The corrupted pixels are either set 
to the maximum value. The information of edges is needed for the proper segmentation. The 
imtophat filter is used to create required edges once the noise is removed to enhance the contrast of 
the image. The following section discuses the segmentation of this enhanced image using DBSCAN 
clustering. 

IV. Image Segmentation 

Enhanced images are changed into binary image where each pixel is restricted to a value of either or 
1 to simplify the image segmentation task. This process is accomplished by local adaptive 
thresholding method [22]. Morphological operators such as opening and closing are applied on these 
binary images [2, 9]. In TRUS medical images, isolating prostate from other white region in the 
threshold image is a difficult task. By using opening and closing operators, the thresholded image can 
be reconstructed with a large disk structuring element in order to isolate the object with high 
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likelihood to be part of the prostate [9]. Pixels of the thresholded images are grouped by using 

DBSCAN with the aim of separating background from TRUS image to target possible prostate [7, 

17]. 

By clustering, it takes a binary (segmented) image, and delineates only significantly important 

regions. The outcome that expected is desired boundary of the TRUS prostate image. A sample image 

and its segmented image are provided in figure 2(a) and figure 2(b) respectively. The DBSCAN 

Algorithm for segmentation is detailed in figure 3. 




Figure 2(a) sample image 



Figure 2(b) segmented image 



DBSCAN Algorithm 

INPUT: Enhanced TRUS prostate image 

OUTPUT: Segmented image which contains only prostate 



Stepl: Set epsilon (eps) and minimum points (minPts). 

Step2: Starts with an arbitrary starting point that has not been visited and then finds all the 
neighbor points within distance eps of the starting point. 

Step3: If the number of neighbors is greater than or equal to minPts, a cluster is formed. The 
starting point and its neighbors are added to this cluster and the starting point is marked as 
visited. The algorithm then repeats the evaluation process for all the neighbors recursively. 

Step4: If the number of neighbors is less than minPts, the point is marked as noise. 



Figure 3: DBSCAN Algorithm 

After fixing the two parameters eps and minPts, DBSCAN starts to cluster data points from an 
arbitrary point q [23]. It begins by finding the neighborhood of point q (all points that are directly 
density reachable from the point q). For an image, we start with left-top pixel (not necessarily a corner 
pixel, any arbitrary pixel can be chosen for first iteration) as our first point in the subimage. We look 
for first pixel satisfying the core pixel condition as a starting (seed) point. If the neighborhood is 
sparsely populated, i.e. it has fewer than MinPts points, and then the point q is labelled as noise [24]. 
Otherwise, a cluster is initiated and all points in neighborhood of the point q are marked by new 
cluster. Next the neighborhoods of the neighborhood q are examined iteratively to check if they can 
be added into the cluster [12]. If a cluster cannot be expanded further, DBSCAN chooses another 
arbitrary unlabeled point and repeats the process to form another cluster. This procedure is iterated till 
all pixels in the image have been identified as noise or with a cluster of prostate pixels. 

V. Feature Extraction 

Texture analysis is normally grouped into four categories: model-based, statistical -based, structural- 
based, and transform-based methods. Model-based methods are based on the concept of predicting 
pixel values based on a mathematical model [14]. Statistical methods describe the image using 
numerical analysis of pixel intensity values. Transform methods generally perform some kind of 



403 



Vol. 2, Issue 1, pp. 401-409 



International Journal of Advances in Engineering & Technology, Jan 2012. 

©IJAET ISSN: 2231-1963 

modification to the image, obtaining a new "response" image that is then analyzed as a representative 
proxy for the original images. Structural approaches seek to understand the hierarchal structure of the 
image. Texture is one of the important characteristics used in identifying an object in an image and to 
discriminate the images [1]. The texture coarseness or fineness of an image can be interpreted as the 
distribution of the elements in the matrix [10, 1 1]. In this paper, segmented image (ROI) is utilized to 
construct GLRLM using the various directions, and then seven features are extracted from each 
GLRM for the classification of TRUS prostate image. 

5.1. Gray Level Run Length Matrices (GLRLM) 

The GLRLM is based on computing the number of gray-level runs of various lengths [3,4]. A gray- 
level run is a set of consecutive and collinear pixel points having the same gray level value. The 
length of the run is the number of pixel points in the run [3,4]. The Gray Level Run Length matrix is 
constructed as follows: 



R (6) = (g (i, j) I 9 ), < i < Ng , < j < Rmax ; 

where Ng is the maximum gray level and Rmax is the maximum length. The following textural 
features are measured for the TRUS medical image of prostate. Let p (i, j) be the number of times 
there is a run of length j having gray level i. There are five Run Length Matrix based features 
computed for 4 directions of run (0°, 45°, 90° , 135° , {0°, 45°, 90° , 135° } run). 1=1, ..., Ng and 
j=l,...,Nr. 

Table 1: Features and their Formulae 



S.No. 


Features 


Formulae 


1 


Short Run Emphasis (SRE) 


1 y P 0\ j) 

n t j 2 


2 


Long Run Emphasis (LRE) 


-TfpdJ) 
n t.j 


3 


Grey Level Non-uniformity (GLN) 


fz(z^)) 2 


4 


Run Length Non-uniformity 






5 


Run percentage (RP) 


t,i PUJ)J 


6 


Low Grey Level Run Emphasis 
(LGLRE) 


1 y p(h j) 

nil i 2 


7 


High Grey Level Run Emphasis 
(HGLRE) 


-J^i 2 p(i,j) 
n t,j 



VI. SVM Classifier 

Support vector machine is based on modern statistical learning theory. It is a useful method for 
classification. It is a leading method for solving non-linear problem. The SVMs were introduced by 
Vladimir Vapnik [25] and his colleagues. The earliest mention was in (Vapnik, 1979). Classification 
task usually involves training and testing data which consist of some data instances [5,6]. One target 
value and several attributes are contained into each instance of training set. Given the attributes of the 
testing set, the goal of SVM is to produce a model which predicts target value of data instances. 
Classification in SVM is an example of Supervised Learning. Whether the system is performing in the 
right way or not is indicated with the help of known labels. This information points to a desired 
response, validating the accuracy of the system, or be used to help the system learn to act correctly. A 
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step in SVM classification involves identification as which are intimately connected to the known 
classes [5]. 

SVM use the training data to crate the optimal separating hyperplane between the classes. The optimal 
hyperplane maximizes the margin of the closest data points. A good separation is achieved by the 
hyperplane that has the largest distance to the nearest training features of any class (so-called 
functional margin). Maximum-margin hyperplane and margins for a SVM trained with samples from 
two classes. Samples on the margin are called the support vectors [8]. SVM divides the given data 
into decision surface. Decision surface divides the data into two classes like a hyper plane. Training 
points are the supporting vector which defines the hyper plane. The basic theme of SVM is to 
maximize the margins between two classes of the hyper plane (Steve, 1998). 

Basically, Support Vector Machines are used to solve binary classification problems only. They are 
extended to handle multi-class problems also [6]. The idea is to decompose the problem into many 
binary-class problems and then combine them to obtain the prediction. To allow multi-class 
classification, SVM uses the one-against-one technique by fitting all binary sub classifiers and finding 
the correct class by a voting mechanism. The "one-against-one" approach (Knerr et al., 1990) is 
implemented in SVM for multiclass classification. If K is the number of classes, then K(K - l)/2 
binary classifiers are constructed and trained to separate each pair of classes against each other, and 
uses a majority voting scheme (max- win strategy) to determine the output prediction. For training 
data from the i th and the j th classes, we solve the following two-class classification problem [13]. 
Let us denote the function associated with the SVM model of {c. c . } as: 

g(x) ij =sign(f(x) ij ) 
An unseen example, x, is then classified as: 

K K 

/(x) = argmax^ 2 V ijW 

where V i! (x) = < 

Each feature set is examined using the Support Vector Machine classifier. In classification, we use a 
voting strategy: each binary classification is considered to be a voting where votes can be cast for all 
data points x in the end point is designated to be in a class with the maximum number of votes. In 
case that two classes have identical votes, though it may not be a good strategy, now we simply 
choose the class appearing first in the array of storing class names. The objective of any machine 
capable of learning is to achieve good generalization performance, given a finite amount of training 
data, by striking a balance between the goodness of fit attained on a given training dataset and the 
ability of the machine to achieve error-free recognition on other datasets. With this concept as the 
basis, support vector machines have proved to achieve good generalization performance with no prior 
knowledge of the data. The optimal separating hyperplane can be determined without any 
computations in the higher dimensional feature space by using kernel functions in the input space. 
Commonly used kernels include: 

Linear Kernel: K(x, y) = x.y 

Radial Basis Function (Gaussian) Kernel: K(x,y) = e ( " xyl|2/2c72) 

Polynomial Kernel: K(x, y) = (x.y + l) d 

VII. Experimental Analysis and Discussion 

The proposed method has been implemented using MATLAB. In order to evaluate this work, 
experiments conducted over 5500 image with normal and abnormal cases. The total of 5500 TRUS 
medical images of prostate measuring 250x250 pixels is transformed into a Grey Level Run Length 
matrix (GLRLM) along the directions of (0°, 45°, 90°, 135°, {0°, 45°, 90°, 135°}) producing 5 run 
length matrices. From each GLRLM, 7 texture features are extracted. Extracted features are fed into 
SVM to construct the prediction model. The performance of the prediction was evaluated in terms of 
sensitivity, specificity, accuracy, the respective formule are given in Table 2. 
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Table 2.Formula for Measures 



Measures 


Formula 


Sensitivity 


TP/(TP+FN) 


Specificity 


TN/(TN+FP) 


Accuracy 


(TP+TN)/(TP+FP+TN+FN) 



Accuracy measures the quality of the classification. It takes into account true and false positives and 
negatives. Accuracy is generally regarded with balanced measure whereas sensitivity deals with only 
positive cases and specificity deals with only negative cases. TP is number of true positives, FP is 
number of false positives, TN is number of true negatives and FN is number of false negatives. A 
confusion matrix provides information about actual and predicted cases produced by classification 
system. The performance of the system is examined by demonstrating correct and incorrect patterns. 
They are defined as confusion matrix in Table 3. 

Table 3.Confusion Matrix 



Actual 


Predicted 


Positive 


Negative 


Positive 


TP 


FP 


Negative 


FN 


TN 



TP - predicts cancer as cancer. 
FP - predicts cancer as normal. 
TN - predicts normal as normal. 
FN - predicts normal as cancer. 

The higher value of both sensitivity and specificity shows better performance of the system. In order 
to quantify the influence of the direction, the GLRLM is constructed with direction choices for feature 
extraction. The results of performance measures for each feature set have been tabulated in table 4. 

T able 4: results of statistical parameters for various direction s 



Direction 


sensitivity 


Specificity 


Accuracy 


GLRLM_000 


0.75188 


1 


0.82945 


GLRLM_045 


0.800901 


1 


0.816667 


GLRLM_090 


0.779528 


0.997886 


0.821667 


GLRLM_135 


0.735294 


1 


0.814 


GLRLM_ALL 


0.824956 


1 


0.85 



From the computational results we can notice that the features extracted from among GLRLM, the 
combined direction 9 = {0°, 45°, 90°, 135°} give better results using three quantitative performance 
measures with higher sensitivity and specificity rate. The results of individual performance measures 
for various directions are depicted in the figure 5(a) - 5(c). 
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Figure 5(a): performance of sensitivity for various directions 
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Figure 5(b): specificity for various directions 
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Figure 5(c): performance of accuracy for various directions 
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Figure 6: Relative performance measures for various directions 

The performance of relative performance measures is depicted in figure 6 and observed that the 
features extracted from the combination of all directions ({0°, 45°, 90°, 135°}) producing the best one 
from the result of classification. It achieves 85% of the accuracy, 82% of the sensitivity and 100% of 
the specificity. 

VIII. Conclusion 

TRUS imaging is one of the best methods for detecting prostate cancer. In some cases, radiologists 
face difficulties in directing the tumours. To assist the oncologist and improve the accuracy of 
detection, the method presented in this paper. The proposed approach effectively addresses the feature 
extraction problem TRUS image analysis of prostate and can also be applied to other image analysis 
applications. The proposed method of feature extraction from GLRLM with various directions are 
compared and analyzed. The performance of the texture is measured using quantitative performance 
measures. The performance of proposed method is tested with ultrasound image regard to prostate. 
The computational results showed that texture features based on GLRLM by using combined 
directions ({0°, 45°, 90°, 135°}) distinguish between malignant and benign on TRUS images, with 
accuracy levels higher than texture features based on others. The maximum accuracy rate for normal 
and cancer classification is achieved 85%. The GLRLM features combined with other statistical 
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features to improve the results of classification of TRUS prostate images may be considered for future 
work. 
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Abstract 

This study examines the influence of factors responsible for work stress among the employees in the 
manufacturing industries in Kerala, India. The sample size of the subjects selected for the study consists of 75 
Engineers, 110 Supervisors and 675 Workers in the selected manufacturing industries in Kerala Jndia. Seven 
factors were identified with the existing literatures, and in consultation with safety experts for the evaluation of 
work stress. The instrument developed by using these factors had validity, unidimensionality and reliability. The 
response rate was 81.3%. It is observed that existence the factors responsible for work stress among all the 
categories of employees in these industries. The multinomial logistic regression model developed is found good 
in predicting the work stress in manufacturing industries. 

KEYWORDS' Work stress, multinomial logistic regression model, manufacturing industries 

I. Introduction 

Occupational stress is becoming a major problem in both corporate and social sectors .In 
industrialized countries, there have been quite dramatic changes in the conditions of work, during the 
last decade due to the economic, social and technical development. As a consequence the people 
today at work are exposed to high quantitative and qualitative demands at the work place. In 
multinational companies, lean production, and down sizing has raised stress level of employees [1-3]. 
The national institute of occupational safety and health (NIOSH-USA) defines stress as "the harmful 
physical and emotional responses that occur when the requirements of the job does not match with the 
capabilities, resources of the workers." [4,5 ] 

The cost associated with work place stress indicates an international trend among industrialized 
countries. A recent report says that work related ailments due to work related stress are likely to cost 
India's exchequer around ^72000 Crores in 2009-15 [6]. Though India is a fast developing country it 
is yet to create facilities to mitigate the adverse effects of work stress. The study of work stress in the 
member states of European Union (EU) points out that an average of 22% of the working Europeans 
experience work stress [7-9]. 

It is noted that work stress occurs among the employees at the context of work and at the content of 
work [10, 11]. The potential stressors for these hazards in the context of work are organizational 
culture and function, role in the organization, career development, decision latitude and control, 
interpersonal relationship at work, work-home interface and change [11-13]. 

Studies on the employees perceptions and descriptions of their organizations, suggest three distinct 
aspects of organizational function and culture: organization as a task environment, as a problem 
solving environment and as a development environment [11, 14]. The available evidence suggests that 
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the organization is perceived to be poor in respect to these environments, will likely to be associated 

with higher stress [11, 14, 15]. 

Another major source of stress is associated with person's role at work. A great deal of research is 

done on role ambiguity and role conflict .It is found that role conflict and role ambiguity are 

instrumental in developing physiological disorders and says that the above factors can also lead to 

organizational dysfunction and decreased productivity [16-18]. Lack of expected career growth is one 

of main sources of work stress. The factors connected with this are poor promotion polices, job 

insecurity and poor pay in the organization [19-21]. 

Decision latitude and control are important aspects of work stress. These shows the extent which the 

employees are participating in the decision making process, and also shows the freedom given to the 

employees for choosing their work [22-24]. 

The number of research works points out the need of good relationship with superiors , support from 

the superiors and support from the colleagues at work for the elimination of work related stress 

hazards [25-28]. 

Many literature points out the work related stress hazards due to work-family conflict .It is found 

that that work-family conflict is a form of inter role conflict ,in which the role pressures from the 

work family domains are mutually non compatible in same respect [29-31]. Change is one of the most 

commonly found stressor at the context of work[ll]. It is observed that changes in the modern work 

environment as result of technological advances, organizational restructuring and various redesign 

options can elevate the work stress [32, 33]. 

Like context of work, content of work are also leads to work stress. These factors arise due to 

improper design of the task ,work load and workplace, and work schedule [ll,13,34,35].There are 

several aspect of job content , which are found hazardous and these include low value of work ,low 

use of skills repetitive work , uncertainty , lack of opportunity to learn, high attention demand , 

conflicting demand , insufficient resources [ll].The research work shows that ,work related stress 

hazards arise due to meaning less task and lack of variety etc.... It is also noted that most stressful 

type of work are those which have excessive demand and pressures that do not match with the 

workers knowledge and abilities [11,36-38] 

The studies on the effect of work stress among men and women working groups in USA and found 

that due to high psychological work demands like excessive work load and time pressures leads to 

work stress and cause depression and anxiety in young working adults[l 1,39-41] 

Two major factors responsible for work stress due to the improper work schedule are shift work 

and long working hours .The studies conducted in Italy among the shift workers observed that shift 

work leads to poor sleep and health related problems [42-46]. Studies conducted among white collar 

workers in Sweden, points out that work stress is associated with men subjected to long working 

hours (75 hours/week) and it is shown that this leads to wide range of ill health in men and women 

[42-46]. 

Several models have been proposed to explain the causes of work related stress[47-49]. 

Frankenhaeuser have described a model where stress is defined in terms of imbalance between the 

perceived demands from the environment and individuals perceived resources to meet those demands 

[50]. This imbalance can be caused by quantitative overload (A very high work pace, too much work 

to do etc..) or qualitative overload (too much responsibility, problems too complex to solve, conflicts 

etc.). 

A well known model describing work stress or strain is the demand control model proposed by 

Karesek and Theorell and developed and expanded by others. According to this model, the 

combination of high demands and lack of control and influence (low job discretion) over the work 

situation causes high work strain [51, 52]. 

Johannas Siergrist proposed a new model for stress at the work called the effort-reward imbalance 

model. According to this model, lack of adequate reward in response to the individual's achievement 

efforts is considered to contribute to high stress levels and elevated health risks .Reward could be 

obtained in terms of economic benefits, such as higher income [53,54]. Recently multinomial logistic 

regression models are used to establish relationship between psychosocial work stress factors like 

work content ,work load and social support and job burn out [55-57]. 
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II. Subjects 

Total number of subjects selected for this study is 830 and the resulted sample consists of Engineers 
(75 Nos.), Supervisors (110 Nos.) and workers (675 Nos.). Participants selected for this study consists 
of both male and female employees of age between 25 to 55 and had sufficient educational back 
ground for their job. All employees are permanent and working in shifts in rotation and each shift 
consists of 8 hour duration per day. However the majority of the employees, in these industries were 
males and number of woman participants is about 10% of the male participants. All the industries are 
large scale and profit making for the last five years and located at different districts of Kerala, India. . 

III. Methods 

From the literature review and with the consultation of safety experts seven factors were identified 
for the evaluation of work stress in the absence of well defined factors for the evaluation of work 
stress in Kerala, India. They are demand, control, manger support, peer support relationship, role and 
change. The final draft of the questionnaire had 35 items with seven subscales .All the questions were 
likert type with five fixed alternatives (always, often, sometimes, rarely, never). In addition to this 10 
demographic questions are also included in the questionnaire. This questionnaire was refined and 
validated further by means of confirmatory factor analysis (CFA)[58]This resulted in removal of five 
items from the questionnaire. The number of retained items in the questionnaire were demand (7 
items), control (4 items), manager support (4 items), peer support (4 items), relationship (4 items), 
role (5 items) and change (2 items). The values of Comparative Fit Index (CFI), Tucker Lewis Index 
(TLI), and Cronbach alpha shows that the refined scale has good validity and unidimensionality in 
addition to reliability [58-60]. The analysis was performed by using the software AMOS-7 [61]. The 
filled up schedules are then carefully edited for completeness, consistency and accuracy. The overall 
response rate was 81.3%. 

On the basis of data so collected, the influence of factors on works stress analysis is performed using 
one-way ANOVA. Multinomial logistic regression modelling was done further to find the association 
of factors responsible for work stress in manufacturing industries. 

IV. Results 

4.1. Correlation Matrix 

A correlation analysis between the variables /factors so identified was performed and the result of 
the analysis is given in the Table- Lit is noted that all the correlations were positive , but no 
significant correlation was found between the variable /factors (<0.5) Therefore the variable selected 
for the study can be treated as independent variables for the purpose of research. The correlation 
analysis were carried out by means of SPSS- 15. 

Table 1 : Correlation between the factors 



Variables/Factors 


Demand 


Control 


Manager 
support 


Peer 
support 


Relationship 


Role 


Change 


Demand 


1 


0.354 


0.249 


0.240 


0.310 


0.214 


0.196 


Control 


0.354 


1 


0.279 


0.227 


0.310 


0.168 


0.251 


Manager 
support 


0.249 


0.279 


1 


0.426 


0.319 


0.313 


0.357 


Peer 
support 


0.240 


0.227 


0.426 


1 


0.498 


0.313 


0.461 


Relationship 


0.310 


0.310 


0.319 


0.498 


1 


0.440 


0.474 


Role 


0.214 


0.168 


0.313 


0.313 


0.440 


1 


0.353 


Change 


0.196 


0.251 


0.357 


0.461 


0.474 


0.353 


1 
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4.2 .Influence of factors on different categories of employees 

The influences of these factors are analyzed among different categories of employees by means of 
one-way ANOVA. The result of the test is given in the Table -2 .The tests are conducted for 0.5 level 
significance. 

Table 2 : Mean Score of Factors 



Va r ia b les/Fa ctor s 




Designation 


F-value 


P-value 


Engineer 


Supervisor 


Worker 


Demand 


Mean 


25.72 


26.08 


25.61 


0.603 


0.548 


S.D 


3,78 


4.36 


4.11 


Control 


Mean 


15.09 


13.70 


12.32 


16.644 


< 0.001 


S.D 


2.96 


3.85 


4.35 


Manager 

support 


Mean 


14.64 


15.19 


13.94 


5.953 


0.003 


S.l> 


2.96 


3.85 


4.35 


Peer support 


Mean 


15.94 


16.10 


1534 


3.748 


0.024 


S.D 


l + 87 


2,98 


3J2 


Relation- 
ship 


Mean 


16.28 


17.01 


16.41 


2.035 


0.131 


S.D 


1.98 


2.82 


3.04 


Role 


Mean 


22,79 


22.93 


22,56 


1J87 


0.306 


S.D 


2.03 


2.14 


2.56 


Change 


Mean 


6.69 


6.77 


7,02 


1*313 


0.270 


S.D 


1.73 


2.34 


2.04 



The mean score of the factors /variables points out that existence of factors responsible for work stress 
among all the categories of the employees in these industries. 

It is noted that , significant difference in the factors , control, manager support, and peer 
support(p<0.05) among different categories of employees To identify which among the categories has 
significant difference , Tukey's multiple comparison test for each of the factors and the results are 
given in the Table -3 

Table -3. Significant difference between different categories of employees 



Factors/Variables 


Difference between different designation levels 


Control 


Engineer and worker 
Supervisor and worker 


Manager support 


Supervisor and worker 


Peer support 


Supervisor and worker 



The post- hoc analysis, reveals that considerable difference in the mean score of the factor "control" 
exists between engineers and worker. Further a noted difference is observed for this factor between 
supervisor and worker .While analyzing the variables manger support and peer support considerable 
difference is observed only between supervisors and workers 

4.3. Multinomial logistic regression modeling of work stress 

Multinomial logistic regression is the extension of (binary) logistic regression [62], when categorical 
dependent outcome has more than one level. An attempt is made to establish multinomial logistic 
regression model by developing the relationship with the factors/predictor variables .The 
factors/predictor variables are demand, control, manager support, peer support, relationship, role and 
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change. The dependent variables for this study are different designation levels namely, engineers, 
supervisors and workers in the selected manufacturing industries. 

For this modelling the reference category is chosen as worker and the multinomial odds of 
improvement in work stress due to unit increase in the predictor variables/ factors among engineers 
over the workers is analyzed by this model [see equation — 4.3(1)]. Similarly the multinomial odds 
of improvement in work stress due to unit increase in the predictor variables among supervisors over 

the workers is analyzed [see equation 4.3.(2)].This relative improvement in work stress for one 

group over the reference group is explained by means of odds ratio (OR), which is shown under the 
column Exp(B) (See Table -5). The odds ratio for the event at 95% confidence level is also evaluated. 
The model fitting information (Table-4), reveals that the initial log likelihood value obtained for the 
model with no independent variables ( intercept only model) is 1076. 51. The final log likelihood value 
obtained for the model by considering all independent variables is 1003.57 .The chi-square value 
obtained is72.95. As the p-value obtained is below 0.05, we can conclude that the final model is better 
than the intercept only model. 

Table-4. Model fitting information -different designation levels 



Model 


Model Fitting 
Criteria 


Likelihood Ratio Tests 


-2 Log Likelihood 


Chi- Square 


df 


p-value 


Intercept Only 


1076.51 








Final 


1003.57 


72.947 


14 


<0.01 



The associations of predictor variables are found with different designation level of the employees. 
For this analysis, we choose base category as workers 

Table-5 . Parameter estimates 











95% confidence 










interval for Exp(B) 


Lower 


Upper 


Designation 




B 


Exp(B) 


bound 


bound 


Engineer 


Intercept 


-4.002 










Demand 


.068 


1.070 


.869 


1.004 




Control 


.240 


1.272 


1.165 


1.388 




Manager support 


.074 


1.076 


.983 


1.179 




Peers support 


.073 


1.075 


.969 


1.193 




Relationship 


-.124 


.884 


.790 


.989 




Role 


.064 


1.066 


.938 


1.211 




Change 


-.215 


.807 


.693 


.939 


Supervisor 


Intercept 


-4.548 










Demand 


.016 


1.016 


.928 


1.043 




Control 


.076 


1.079 


1.019 


1.143 




Manager support 


.104 


1.109 


1.028 


1.197 




Peer support 


.063 


1.065 


.979 


1.160 




Relationship 


.011 


1.012 


.915 


1.119 




Role 


.046 


1.047 


.943 


1.162 




Change 


-.230 


.795 


.704 


.897 



The reference category : Worker. 
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The variable shown in the Table-5, has two parts labelled with out come variable designation This 
correspond to two equations shown below 

Log(p(designation=engineers)/p(designation=workers) 

=-4.002+.068De+0.240Cl+0.074Ms+0.073Ps-0.124Re+0.064Rl-0.215Ch (1) 

Log(p(designation=supervisors/p(designation=workers) 

= -4.548+0.016De+0.076Cl+0.104Ms+0.063Ps+0.011Re+0.046Rl -0.230Ch (2) 

V. Discussion 

The main aim of the study is to develop and analyze the factors responsible for work stress among 
the employees in the public sector manufacturing industries in Kerala, India. Accordingly seven 
factors were developed and the validity, and unidimensionality of the questionnaire was analyzed by 
means of CFA and the overall reliability of the questionnaire was found satisfactory (>0.70). . 
Interestingly it is found that the factors responsible for work stress is prominent in different 
categories of employees namely engineers, supervisors and workers these industries. It is also noted 
that lack of control among lower categories of employees particularly among workers compared to 
other categories of employees. The results of many earlier research supports the finding [52]. 
The multinomial logistic regression models can be interpreted by means of odds ratio as 
One unit increase in the variable- demand the multinomial odds of improvement of work stress 
among engineers over workers is expected to increase by a factor 1.070. Similar trend is obtained on 
supervisors over worker (OR >l),while keeping all other variables constant[62]. 
Similarly one unit increase in variables -control, manager support, and peer support ,the multinomial 
odds of improvement of work stress expected to increase among engineers over workers by the 
factors 1.272,1.076and 1.075 respectively. Similar trend is noticed for supervisors over workers 
(OR>l). 

The multinomial odds of improvement in work stress, for the unit change in the variable -relationship 
is expected to increase among supervisors over workers is expected to increase by a factor of 1.012 
and reverse trend is noticed for the same variable among engineers over workers (OR<l). 
One unit increase in the variable - role the multinomial improvement in work stress is expected to 
increase among engineers over workers by a factor 1.066and similar trend is noticed for this variable 
among supervisors over the reference group 

The multinomial odds of improvement in work stress for the unit change in the variable - change is 
expected to decrease among engineers over the workers by a factor 0.807 and similar trend is noticed 
for this variable among supervisors over workers(OR<l). This model can be used to predict work 
stress among the employees in manufacturing industries. 

Like any other research, the study also not free from limitations. The present study is limited only to 
public sector industries in Kerala, India, where majority of employees are males. Therefore it would 
be inappropriate to draw conclusions about male and female workers based on this result. The 
conclusion is drawn based on the data obtained by means of self reported measures. A comparative 
study was not carried out because of lack of literature or study of work stress in the context of Indian 
public sector industries. 

VI. Conclusion 

Consistent with the literature, the results indicate that existence of factors responsible for work stress 
among all the categories of the employees working in manufacturing industries in Kerala, India and 
the instrument developed for the evaluation of work stress by using the variables / factors ,namely 
demand ,control, manager support, peer support, relationship, role and change had validity, 
unidimensionality and reliability and the instrument can be effectively used for the evaluation of work 
stress in different type of industries in addition to manufacturing industries . Low level of job control 
was noticed among lower designation level particularly among workers than engineers and 
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supervisors. The multinomial logistic regression models proposed are good in representing work 
stress in the manufacturing industries. 
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Abstract 

Noises present in communication channels are disturbing and the recovery of the original signals from the path 
without any noise is very difficult task. This is achieved by denoising techniques that remove noises from a 
digital signal. Many denoising technique have been proposed for the removal of noises from the digital audio 
signals. But the effectiveness of those techniques is less. In this paper, an audio denoising technique based on 
wavelet transformation is proposed. Denoising is performed in the transformation domain and the improvement 
in denoising is achieved by a process of grouping closer blocks. The technique exposes each and every finest 
details contributed by the set of blocks and also it protects the vital features of every individual block. The 
blocks are filtered and replaced in their original positions. The grouped blocks overlap each other and thus for 
every element a much different estimation is obtained. A technique based on this denoising strategy and its 
efficient implementation is presented in full detail. The implementation results reveal that the proposed 
technique achieves a state-of-the-art denoising performance in terms of both signal-to-noise ratio and audible 
quality. 

KEYWORDS' Wavelet Transformation, Block Matching, Grouping, Denoising, Reconstruction 

I. Introduction 

Signal processing applications always disturbed by noise and it seems to be a major problem. A 
nonessential signal gets superimposed over an undisturbed signal. If the regularity of noise lessens, 
then the method for denoising [12] gets more sophisticated. When a signal pass through equipments 
and connecting wires it naturally gets added with a noise. Therefore it results in signal contamination. 
Once a signal is polluted, it is essentially difficult to remove it without altering the original signal. 
Hence, the basic task in signal processing [15] is denoising of signals. Humming noise from audio 
equipments and background environment noise, both serves as the major root cause for pollution in 
audio signals. The objective of audio denoising is attenuating the noise, while recovering the 
underlying signals. It is accessible in many applications such as music and speech restoration etc 
Previous methods, such as Gaussian filters and anisotropic diffusion, denoise the value of a signal 
based on the observed values neighbouring points. Various authors proposed many global and 
multiscale denoising approaches [15] in order to overcome this locality property. From the beginning 
of wavelet transforms in signal processing, it is noticed that the wavelet thresholding focuses a 
attention in removing noise from signals and images. To remove the wavelet coefficients smaller than 
a given amplitude and to transform the data back into the original domain, the method has to 
decompose the noisy data into an orthogonal wavelet basis. A nonlinear thresholding estimator can 
compute in an orthogonal basis such as Fourier or cosine. 

In denoising of the audio signals, the denoised signal obtained after performing wavelet 
transformation is not totally free from noise, some residue of noise left or some other kinds of noise 
gets introduced by the transformation that is present in the output signal. Several techniques have 
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been proposed so far for the removal of noise from an audio signal, yet, the efficiency remains an 
issue as well as they have some drawbacks in general. In this article, we propose an audio signal 
denoising technique based on an improved block matching technique in transformation domain. The 
transformation can achieve a clear representation of the input signal so that the noise can be removed 
well by reconstruction of the signal. A biorthogonal 1.5 wavelet transform is used for the 
transformation process. A multi dimensional signal vector is generated from the transformed signal 
vector and the original vector signal is reconstructed by applying inverse transform. The signal to 
noise ratio (SNR) is comparatively higher than SNR level of the noisy input signal thus increasing the 
quality of the signal. 

II. Literature Review 

Michael T. Johnson et al. [6] have demonstrated the application of the Bionic Wavelet Transform 
(BWT), an adaptive wavelet transform derived from a non-linear auditory model of the cochlea, to the 
task of speech signal enhancement. Results measured objectively by Signal-to-Noise ratio and 
Segmental SNR and subjectively by Mean Opinion Score were given for additive white Gaussian 
noise as well as four different types of realistic noise environments. Enhancement is accomplished 
through the use of thresholding on the adapted BWT coefficients and the results were compared to a 
variety of speech enhancement techniques, including Ephraim Malah filtering, iterative Wiener 
filtering, and spectral subtraction, as well as to wavelet denoising based on perceptually scaled 
wavelet packet transform decomposition. Overall results indicated that SNR and SSNR improvements 
for the proposed approach were comparable to those of the Ephraim Malah filter, with BWT 
enhancement giving the best results of all methods for the noisiest conditions. Subjective 
measurements using MOS surveys across a variety of db SNR noise conditions indicate that the 
quality enhancement competitive with but still lower than results for Ephraim Malah filtering and 
iterative Wiener filtering, but higher than the perceptually scaled wavelet method. 
Mohammed Bahoura and Jean Rouat [7] have proposed a new speech enhancement method based on 
time and scale adaptation of wavelet thresholds. The time dependency was introduced by 
approximating the Teager energy of the wavelet coefficients, while the scale dependency was 
introduced by extending the principle of level dependent threshold to wavelet packet thresholding. 
The technique does not require an explicit estimation of the noise level or of the a priori knowledge of 
the SNR, as was usually needed in most of the popular enhancement methods. Performance of the 
proposed method was evaluated on the recorded speech in real conditions (plane, sawmill, tank, 
subway, babble, car, exhibition hall, restaurant, street, airport, and train station) and artificially added 
noise. MEL-scale decomposition based on wavelet packets was also compared to the common 
wavelet packet scale. Comparison in terms of signal-to-noise ratio (SNR) was reported for time 
adaptation and time-scale adaptation of the wavelet coefficients thresholds. Visual inspection of 
pectrograms and listening experiments were also used to support the results. Hidden Markov Models 
speech recognition experiments were conducted on the AURORA-2 database and showed that the 
proposed method improved the speech recognition rates for low SNRs. 

Ching-Ta and Hsiao-Chuan Wang [8] have proposed a method based on critical-band decomposition 
which converts a noisy signal into wavelet coefficients (WCs), and enhanced the WCs by subtracting 
a threshold from noisy WCs in each subband. The threshold of each subband is adapted according to 
the segmental SNR (SegSNR) and the noise masking threshold. Thus residual noise could be 
efficiently suppressed for a speech-dominated frame. In a noise-dominated frame, the background 
noise could be almost removed by adjusting the wavelet coefficient threshold (WCT) according to the 
SegSNR. Speech distortion could be reduced by decreasing the WCT in speech-dominated subbands. 
The proposed method could effectively enhance noisy speech which was infected by colored-noise. 
Its performance was better than other wavelet-based speech enhancement methods in their 
experiments. 

Marian Kepesia and Luis Weruaga [11] have proposed new method for time-frequency analysis of 
speech signals. The analysis basis of the proposed Short-Time Fan-Chirp Transform (FChT) was 
defined univocally by the analysis window length and by the frequency variation rate, that parameter 
being predicted from the last computed spectral segments. Comparative results between the proposed 
Short-Time FChT and popular time-frequency techniques reveal an improvement in spectral and 
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time-frequency representation. Since the signal can be synthesized from its FChT, the proposed 
method was suitable for filtering purposes. 

Nanshan Li et al. [13] have proposed an audio denoising algorithm on the basis of adaptive wavelet 
soft-threshold which is based on the gain factor of linear filter system in the wavelet domain and the 
wavelet coefficients teager energy operator in order to progress the effect of the content-based songs 
retrieval system. Their algorithm integrated the gain factor of linear filter system and nonlinear energy 
operator with conventional wavelet soft-threshold function. Experiments demonstrated that their 
algorithm had important outcome in inhibiting Gaussian white noise and pink noise in audio samples 
and enhancing the accuracy of the songs retrieval system. 

III. Proposed Method 

In this section, the proposed audio denoising technique for the removal of unwanted noises from any 
audio signal is explained. It is considered that the audio signal is polluted by Additive White Gaussian 
Noise (AWGN) and the polluted signal is subjected to the removal of noise using the proposed 
denoising technique. The processes performed in the proposed denoising technique are explained in 
detail as follows (i) Transformation of the noisy signal to wavelet domain, (ii)Generation of a set of 
closer blocks (iii) Generating a multidimensional array (iv) reconstructing the denoised audio signal. 
In the proposed work, initially, the noisy audio signal is subjected to Wavelet Transformation. 
Wavelet transformation produces a few significant coefficients for the signals with discontinuities. 
Audio signals are smooth with a few discontinuities. Hence, wavelet transformation has better 
capability for representing these signals when compared to other transformations. Once the signal is 
transformed to wavelet domain, set of closer blocks are synthesized from it. 



Input Noi&y 


Wavelet 

Transformation 


h 


Grouping by Block 


signal 




matching 








IF 


5el of closer 


Synthesis of closer 
Blocks 


^ 


f i 


blocks 


j Liresr 

< 





Figure 1. Generation of a Set of Closer blocks 

3.1. Synthesizing Closer Blocks from the Noisy Signal 

The Bior 1.5 wavelet transformation is applied to the input noisy signal and a transformed signal is 
obtained as output through this process. Designing biorthogonal wavelets allows more level of 
choices than orthogonal wavelets. One additional level of choice is the possibility to generate 
symmetric wavelet functions. For the process of transformation, the vector noisy audio signal is 
reshaped into a matrix of size same as that of the transformation coefficient matrix. The noisy audio 
signal is transformed to biorthogonal wavelet transformation domain and it is represented as a vector 
signal that eases the operation. 




_^_ 



Figure2.Block Representation of the noisy input signal 

The process is then followed by the calculation of the L2 norm distance for each block generated in 
the vector signal. The transformed initial block is kept as the reference block. The distance between 
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the reference block and all the other grouped blocks are calculated. Similarly, the process is repeated 
in the same fashion for all the blocks with the consideration of every block as a reference block. 




Figure3.Generation of multidimensional vector 




The obtained temporary vector signal is then transformed using Haar's transformation. The process of 
reshaping is carried out to perform the transformation process. Haar's Transformation deals with a 2- 
point mean and difference operation. Every element in the transformed vector block is compared with 
a threshold value such that if the element's value is less than the particular element is replaced with 
'0' and replaced back in the temporary block. If the element's value of the transformed block is 
greater than the threshold then the value of the transformed element is not changed. The process is 
repeated for all the elements in the reference block and their respective grouped set of closer blocks. 
The reconstruction of the signal is shown in figure 4. 
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Figure4.Reconstruction of the audio signal 



IV. Implementation Results 

For testing the performance of the proposed technique a dog barking signal is taken as input. The 
input signal is then contaminated with AWGN noise for the testing purpose. The input noisy signal 
with respect to its length n =12000 is represented in Figure 5(a) .The AWGN was generated and 
added to the input signal. The SNR of the noisy audio signal was 7.77 dB at a noise level o of 0.047. 
A linear combination of the generated noise and the original signal is used as the primary input for the 
block matching technique. Figure 5(b) shows the input signal corrupted by white noise. The denoised 
speech signal achieved through the block matching technique is shown in Figure 5(c). The SNR value 
of the denoised signal with block matching technique was 12.85 dB. 




Figure5 (a).Original audio signal 
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Figure5 (b).Original audio signal with noise 




Figure5(c).Denoised audio signal 

V. Conclusions 

This paper presented an audio denoising technique based on block matching technique. The technique 
was based on the denoising strategy and its efficient implementation was presented in full detail. The 
implementation results have revealed that the process of block matching has achieved a state-of-the- 
art denoising performance in terms of both peak signal-to-noise ratio and subjective improvement in 
the audible quality of the audio signal. Grouping of the similar blocks improved the efficient 
operation of the technique. The blocks were filtered and replaced in their original positions from 
where they were detached. The grouped blocks were overlapping each other and thus for every 
element a much different estimation was obtained that were combined to remove noise from the input 
signal. The reduction in the noise level interprets that the technique has protected the vital unique 
features of each individual block even when the finest details were contributed by grouped blocks. In 
addition the technique can be modified for various other audio signals as well as for other problems 
that can be benefit from highly linear signal representations. 
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Abstract 

This paper deals with a hybrid active power filter with injection circuit (IHAPF). It shows great promise in 
reducing harmonics and improving the power factor with a relatively low capacity active power filter. This 
paper concluded that the stability of the IHAPF based on detection supply current is superior to that of others. 
To minimize the capacity of IHAPF, an adaptive fuzzy dividing frequency -control method is proposed by 
analyzing the bode diagram, which consists of two control units: a generalized integrator control unit and fuzzy 
adjustor unit. The generalized integrator is used for dividing frequency integral control, while fuzzy arithmetic 
is used for adjusting proportional-integral coefficients timely. And the control method is generally useful and 
applicable to any other active filters. Compared to other IHAPF control methods, the adaptive fuzzy dividing 
frequency control shows the advantages of shorter response time and higher control precision. It is implemented 
in an IHAPF with a 100-kVA APF installed in a copper mill in Northern China. The simulation and 
experimental results show that the new control method is not only easy to be calculated and implemented, but 
also very effective in reducing harmonics. 

KEYWORDS' Hybrid Active Power Filter (HAPF), Fuzzy-control method, Integral controller. 

I. Introduction 

Harmonic filters are used to eliminate the harmonic distortion caused by nonlinear loads. Specifically, 
harmonic filters are designed to attenuate or in some filters eliminate the potentially dangerous effects 
of harmonic currents active within the power distribution system. Filters can be designed to trap these 
currents and, through the use of a series of capacitors, coils, and resistors, shunt them to ground. A 
filter may contain several of these elements, each designed to compensate a particular frequency or an 
array of frequencies. 

A passive filter is composed of only passive elements such as inductors, capacitors and resistors thus 
not requiring any operational amplifiers. Passive filters are inexpensive compared with most other 
mitigating devices. Its structure may be either of the series or parallel type. The structure chosen for 
implementation depends on the type of harmonic source present. Internally, they cause the harmonic 
current to resonate at its frequency. Through this approach, the harmonic currents are attenuated in the 
LC circuits tuned to the harmonic orders requiring filtering. This prevents the severe harmonic 
currents traveling upstream to the power source causing increased widespread problems. 
An active filter is implemented when orders of harmonic currents are varying. One case evident of 
demanding varying harmonics from the power system are variable speed drives. Its structure may be 
either of the series of parallel type. The structure chosen for implementation depends on the type of 
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harmonic sources present in the power system and the effects that different filter solutions would 
cause to the overall system performance. Active filters use active components such as IGBT- 
transistors to inject negative harmonics into the network effectively replacing a portion of the 
distorted current wave coming from the load. This is achieved by producing harmonic components of 
equal amplitude but opposite phase shift, which cancel the harmonic components of the non-linear 
loads. 

Hybrid filters combine an active filter and a passive filter. Its structure may be either of the series or 
parallel type. The passive filter carries out basic filtering (5th order, for example) and the active filter, 
through precise control, covers higher harmonics. 



II. Classification of Active Filters According to Power Circuit, 
Configurations and Connections 

a) Shunt active filters: 

Shunt active filters are by far the most widely accept and dominant filter of choice in most industrial 
processes. The active filter is connected in parallel at the PCC and is fed from the main power circuit. 
The objective of the shunt active filter is to supply opposing harmonic current to the nonlinear load 
effectively resulting in a net harmonic current. This means that the supply signals remain purely 
fundamental. 



DicwJg Rectifier 




Figure 1 Shunt active filter used alone 

Shunt filters also have the additional benefit of contributing to reactive power compensation and 
balancing of three-phase currents. Since the active filter is connected in parallel to the PCC, only the 
compensation current plus a small amount of active fundamental current is carried in the unit. For an 
increased range of power ratings, several shunt active filters can be combined together to withstand 
higher currents. 
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Figure.2 Shunt active filter network configuration 

b) Series active filters: 

The objective of the series active filter is to maintain a pure sinusoidal voltage waveform across the 
load. This is achieved by producing a PWM voltage waveform which is added or subtracted against 
the supply voltage waveform. The choice of power circuit used in most cases is the voltage-fed PWM 
inverter without a current minor loop. The active filter acts as a voltage source and thus it is often a 
preferred solution of harmonic producing loads such as large capacity diode rectifiers with capacitive 
loads. In general, series active filters are less commonly used against the shunt design. 
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Unlike the shunt filter which carries mainly compensation current, the series circuit has to handle high 
load currents. This causes an increased rating of the filter suitable to carry the increased current. 
Series filters offer the main advantage over the shunt configuration of achieving ac voltage regulation 
by eliminating voltage-waveform harmonics. This means the load contains a pure sinusoidal 
waveform. 
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Figure.3 Series active filter configuration 
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Figure.4 Series active filter used alone 
c) Combination of both shunt and series active filters: 

The diagram shown in figure below shows the combination of both parallel and series active filters. 
This system combines both the benefits of the shunt and series and is often used to achieve the 
demanding power system requirements. The control of active filters can be complex. A combination 
of the two provides an even greater complexity. The higher cost involved in a more complex design 
has shown a reduced demand for the combined structure. As a result of the increased cost and 
complexity, this combination has received less attention than other configurations. Flexible AC 
transmission systems, commonly abbreviated as FACTS regularly make use of the arrangement. 
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Figure.5 Combination of shunt and series active filters 

d) Combination of series active and shunt passive filters : 

The combination of the active parallel and active series filters in was seen to be very complex in 
control yielding a high cost. One method of reducing these problems was to replace the parallel active 
filter with a passive structure. The series active filter, which constitutes high impedance for high- 
frequency harmonics, is accompanied by a parallel passive filter to provide a path for the harmonic 
currents of the load. This combination represented by figure below, permits an improvement over the 
characteristics of plain series active filters and the extension of their capabilities to include current- 
harmonic reduction and voltage- harmonic elimination. Passive filters are often easier and simple to 
implement and do not require any control circuit. This, this deserves to be most beneficial. 
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Figure.6 Combination of series active and shunt passive filters 

e) Combination of shunt active and passive filter: 

As mentioned, shunt active filters are best suitable to compensate for lower order harmonics thus only 

requiring low power rating which serves most economical. This configuration makes use of a passive 
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filter which serves to compensate for the high order load current harmonics. This combination, 
represented by figure (shunt active filter network configuration) presents this important configuration. 
Combinations such as this can be designed to compensate for higher powers without excessive costs 
for high-power switching. The major disadvantage of this configuration is the fact that passive filters 
can only be tuned for a specific predefined harmonic and thus cannot be easily changed for loads 
which have varying harmonics. 
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Figure.7 Combination of shunt active and passive filter 

f) Active filter in series with shunt passive filter: 

The combination of an active filter in series with a shunt passive filter is considered a significant 
design configuration for medium and high voltage applications. The passive filter is designed to 
reduce the voltage stress applied to the switches in the active filter. This design is in its infancy of 
development however, further research is still needed to assess the effectiveness of the configuration. 
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Figure.8 Active filter in series with shunt passive filter 



III. System Configuration and Control Strategy 

Topology of the Novel HAPF: 

The parallel HAPF has the advantages of easy installation and maintenance and can also be made just 
by transformation on the PPF installed in the grid. Fig.9 shows a PHAPF that is in use now. To reduce 
the power of APFs, a PPF has been designed for some certain orders of harmonics. As in Fig.9, and 
make up a PPF to compensate the second, fifth, and seventh harmonic current, while the APF is just 
used to improve the performance of PPF and get rid of the resonance that may occur. 




iSfmS 




Loads 



hucrtcr OuipuiF 



Figure 9.Topology of the Shunt Hybrid APF 

So the power of the filter can be reduced sharply, usually one-tenth of the power of the nonlinear load, 
which enables the APF to be used in a high-power occasion. 
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HAPF is expected to compensate for reactive power as well as damp harmonics in the grid, and all of 
the reactive power current will go through APF. To further decrease the power of APF, a novel 
configuration of the hybrid APF is proposed as shown in Fig. 10 and tune at the fundamental 
frequency, and then compose the injection branch with the APF, shunted to the fundamental 
resonance circuit, is directly connected in series with a matching transformer. Therefore, the novel 
HAPF (IHAPF) is formed. The PPF sustains the main grid voltage and compensates for the constant 
reactive power, while the fundamental resonance circuit only sustains the harmonic voltage, which 
greatly reduces the APF power and minimizes the voltage rating of the semiconductor switching 
device. So it is effective to be used in the 6-kV/10-kV medium-voltage grid. 



N olindirlflU 




c Coupling Trans f Firmer 
Figure.10 Topology of the Novel HAPF 

IV. Adaptive Fuzzy Dividing Frequency-Control Method 

The conventional linear feedback controller (PI controller, state feedback control, etc.) is utilized to 
improve the dynamic Response and/or to increase the stability margin of the closed loop system. 
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Figure. 11 Configuration of the adaptive fuzzy dividing frequency controller 

However, these controllers may present a poor steady-state error for the harmonic reference signal. 
An adaptive fuzzy dividing frequency control method is presented in Fig. 11, which consists of two 
control units: 1) a generalized integrator control unit and 2) a fuzzy adjustor unit. 
The generalized integrator, which can ignore the influence of magnitude and phase, is used for 
dividing frequency integral control, while fuzzy arithmetic is used to timely adjust the PI coefficients. 
Since the purpose of the control scheme is to receive a minimum steady-state error, the harmonic 
reference signal is set to zero. First, supply harmonic current is detected. Then, the expectation control 
signal of the inverter is revealed by the adaptive fuzzy dividing frequency controller. 
The stability of the system is achieved by a proportional controller, and the perfect dynamic state is 
received by the generalized integral controller. The fuzzy adjustor is set to adjust the parameters of 
proportional control and generalized integral control. Therefore, the proposed harmonic current 
tracking controller can decrease the tracking error of the harmonic compensation current, and have 
better dynamic response and robustness. 
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V. Simulation Results 

Simulation of a 10-kV system has been carried out with software MATLAB shown in the figure 12. 
The system parameters are listed in Table. 1. 




Three-Pha^e 
Transformer 
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Figure 12: Matlab Simulation Circuit with adaptive fuzzy controller 
Table. 1 : System Parameters 





L/mH 




C/ m F 


Q 


Output filler 


0,2 




60 




1 1 U| turned filter 


L77 




49,75 


50 


13 d1 turned filter 


1,37 




44,76 


50 


6 ,h turned filter 


14,75 


C F : 


19.65,C,: 690 





The PPFs are turned at the 1 1th and 13th, respectively. The injection circuit is turned at the 6th. In this 
simulation, ideal harmonic current sources are applied. The dc-side voltage is 535 V. Simulation 
results with the conventional PI controller and the proposed current controller are shown in Fig. 13. 
I L , I s , If, I ap f, and the error represent the load current, supply current, current though the injection 
capacitor, current through APF, and error of compensation. When the proposed controller is used, the 
error can be reduced to 10 A in 0.06 s. It is observed that compared to the conventional PI controller 
and generalized integral controller, the proposed controller has better dynamic performance. 
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Figure 13 Simulation results of steady state performance with adaptive fuzzy controller 

Fig. 13 shows the steady-state performance of the IHAPF when fuzzy controller id used. From Fig. 13, 
it can be seen that after IHAPF with the conventional PI controller runs, the current total harmonic 
distortion reduces to 3.8% from 21.8%, and the power factor increases to 0.95 from 0.55. 
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When the conventional generalized integral controller is used, the current THD reduces to 3.3% from 
21.8%, while after the IHAPF with the proposed PI controller runs; the current THD reduces to 1.8% 
from 21.8%. So it can be observed that the proposed current controller exhibits much better 
performance than the conventional PI controller and the conventional generalized integral controller. 
Table. 2 shows Comparison of supply current THD and Power factor. 

Table 2: Comparison without and with IHAPF 





THD 


Power Factor 


Without IHAPF 


21.5% 


0.69 


With IHAPF 


1.9% 


0.94 



VI. Conclusion 

A novel hybrid APF with injection circuit was proposed. Its principle and control method was 
discussed. The proposed adaptive fuzzy-dividing frequency control can decrease the tracking error 
and increase dynamic response and robustness. The control method is also useful and applicable to 
any other active filters. It is implemented in an IHAPF with a 100-kVA APF system in a copper mill 
in Northern China, and demonstrates good performance for harmonic elimination. Simulation and 
application results proved the feasibility and validity of the IHAPF and the proposed control method. 
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Abstract 

Economics and Environmental pressure require efficient use of water for irrigation purpose. To satisfy the 
Economics constrains in canal construction the total cost of section should be minimum which include cost of 
lining for minimizing the total cost of lined canal trapezoidal shape the Lagrangian multiplier technique is used. 
The total cost of lining is the sum of cost of lining on sides on curves and in the base. Radius of rounding can be 
provided in two ways 1) unbound radius case i.e. the radius of rounding remain constant and it predecided 2) 
Bound radius case i.e. the radius rounding depend on depth of flow. These two cases are only for design 
purpose of canal section. It is seen that cost of lining is less in case of bound radius case. 

KEYWORDS: Unbound radius, Bound radius, side lining, Base lining. 

I. Introduction 

Trapezoidal round cornered section is more efficient than sharp cornered section. Attempts have been 

made by researches to derive the optimal sharp cornered section. The paper deals with minimize the 

total cost of lining canal system which is provide to convey water from a source to required point. It is 

found that about 45% to 50% water is lost due to seepage from canal system during its journey from 

head works to the field. The seepage also enhances water logging of the adjacent area to the canal 

which causes in reduction of crop production. Hence it required how to control loss of water due to 

seepage. Then lining of canal system is one of the majors which overcome this problem. Lining of 

canal prevent soil erosion due to high velocity which increases cost of canal system. A section of 

unlined canal system does not remain in trapezoidal shape for longer times there is considerable 

seepage loss through it. Whereas the lined canal section is provided with a hard surface coating 

around the perimeter of canals which prevent the seepage loss. Hence canal may be designed by using 

flow equations. To get economy in canal construction the section should be design in such a way that 

its total cost of lining should be minimum. 

The radius of rounding may be taken as constant and independent of depth of flow, which is termed as 

unbound radius case. In second case radius of rounding is taken as a function of depth of flow which 

is termed as bound radius case. 

The cost of lining material for the base, curves and sides are considered as different. The curved 

portion need special type of form work and labour cost is also more, similarly on the sides the 

performance of work will be different from the base, and hence the cost of lining per unit area is 

considered as different for base, curve and sides. 

Let 

C b = Cost of Lining per unit area for base. 

C c = Cost of Lining per unit area for the curved portion. 
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C s = Cost of Lining per unit area for the sides. 

C = bC b + 2rz 2 C c + (2y V(l+z 2 ) - 2 rzi) C s 
Round corned section can be 

• Unbound radius section 

• Bound radius section 




-(1) 




II. 



Figurel Trapezoidal round cornered lined canal section 

Unbound Radius Case 



Radius of rounding r = constant 

A = by + 2ryz!+y 2 z - 2r 2 z x + r 2 z 2 (2) 

A = y 2 (b/y + 2 r/y z, + z - 2(r/y) 2 z x + (r/y) 2 z 2 ) 

y 2 = A /(b/y + 2 r/y zi + z - 2( r/y) 2 z t + (r/y) 2 z 2 ) 

y = V [ A /(b/y + 2 r/y zi + z - 2( r/y) 2 Zj + (r/y) 2 z 2 )] 

y = [1 x VA] W [(b/y + 2 r/y zj + z - 2( r/y) 2 zj + (r/y) 2 z 2 )] 

y = cp, x V (Q / V ) (3) 

Putting the value of b from equation (2) in equation (1) and we get 

C = (A/y - 2rz; - yz + 2r 2 /y z x - r 2 /yz 2 ) C b + 2rz 2 C c + (2y V (1 +z 2 )- 2rz; ) C s (4) 

For minimum value of C differentiating with respective to y and equating to zero we get 

b/y = 2 [V (1 +z 2 ) C s /C b - z ] - 2(r/y) Zl ' (5) 

III. Bound Radius Case 

Radius of rounding r = f (y) 

And let r = Ky 

Where K = constant its value is less than unity 

The flow area 



A = by + 2ky 2 Zi+y 2 z - 2k 2 y 2 z x + k 2 y 2 z 2 



-(6) 
-(7) 
-(8) 



Wetted perimeter 

P = b + 2 y V (1 +z 2 ) - 2 ky zi + 2 kyz 2 

Cost of lining is given by 

C = bC b + 2kyz 2 C c + [2y V (1 +z 2 ) - 2 kyz; ] C s 

For minimum value of C 

Differentiating C with respective to y and equating to zero we get 

b/y = 2 (V (1 +z 2 ) C s /C b - z ) - 2k Zl ( 2 + C c /C b ) + 2 kz 2 C c /C b + 4k 2 ( Zl - z 2 /2 ) ----- (9) 

The value of y can be determined by equation (6) as 
y = V [ A /(b/y + 2 k z x + z - 2 k 2 z x + k 2 z 2 )] 

y= [1 x V A ] / V [2 (Vl +z 2 )C S /C b - z )+z - 2k Zl (1 + C s /C b )+2 kz 2 C s /C b + 2k 2 ( Zl - z 2 /2 )] 

Or 

y = (p 2 xV(Q/V) (10) 

Where 

(p 2 = 1 / V [2 (Vl +z 2 )C S /C b - z )+z - 2k Zl (1 + C s /C b )+2 kz 2 C s /C b + 2k 2 ( Zl - z 2 /2 )] 

9 2 = f( Cs/Cb, k,z) 

After obtaining the value of y for a given value of b can be obtained discharge and velocity of flow. 
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Example: 



Q = 90 m 3 /Sec 


K = 0.7 




V = 1.8 m/Sec 






Z=1.5 






C b = Rs. 200 /Sq M 






Cs = Rs 500 / Sq M 






r/y = 0.7 






C c = 225 / Sq M 






Zi = V(l +z 2 ) - z 




V(l+z 2 )= 1.8027 


= V (1 +1.5 2 ) - 1.5 






Zi = 0. 30277 


As 


Q/v = 90/1.8 = 50 


Z 2 = tan" 1 (l/z)xn/180 







Z 2 = tan" 1 (1/1.5 )xn/180 
Zz= 0.588 

Unbound Radius Case: 

b/y = 2 (V(l +z 2 ) C s /C b - z ) - 2 r/y zi 

= 2 (V(l +1.5 2 ) 500/200- 1.5)- 2 x 0.7 x 0.30277 
b/y = 5.59 

The value of factor, (pi for calculated value of b/y and given value of r and z 
©i=l/ V(b/y + 2zi r/y + z - 2 r 2 /y 2 zi + r 2 /y 2 z 2 ) 

©i = 1 / V (5.59+2x0.30277x0.7+1.5 - 2 x 0.7 2 x 0.30277+ 0.7 2 x 0.588) 
= 1 / V (5.59 + 0-42387 + 1.5 - 0.2967 + 0.288) 
= 1/2.739 
©i = 0.365 

The depth of flow y 
y = d>W (Q/V) 
= 0.365^(90/1.8) 
= 2.581 meter and r = r/y x y 

= 0.7 x 2.58 
r= 1.8067 
and b = 2.58x5.56 

b = 14.428 meter 
Cost of lining C 
C = b C b + 2 rz 2 C c + (2y V (1 +z 2 ) - 2 rzi)C s 

= 14.428 x 200 + 2 x 1.8067 x 0.588 x 225 + (2 x 2.581 x V(l +1.5 2 )- 2 x 1.8067 x 
0.30277) x500 
C = 7469.602 per meter 

Bound Radius Case: 

b/y = 2 (V( 1 +z 2 )C S /C b - z ) - 2kzi (2 + C s /C b )+2 kz 2 C c /C b + 4k 2 (zi- z 2 /2 ) 

= 2 (1.8027 x 500/200 - 1.5) - 2 x 0.7 x 0.30277 (2 + 500/200) +2 x 0.7 x 0.588 

x 225 /200 + 4 x 0.7 2 (0.30277 - 0.588/2) 
b/y = 5.054 

© 2 = 1 / V [2(V( 1 +z 2 ) C s /C b - z )+z - 2kzi ( 1 + C s /C b )+2 kz 2 C c /C b + 2k 2 (zi- z 2 /2 )] 
= 1 / (V [2(1.8027 x 500/200 - 1.5)+ 1.5 - 2 x 0.7x0.3027 x ( 1 + 500/200) +2 x 0.7 

x 0.588 x 225/200 + 2 x 0.7 2 (0.30277 - 0.588/2)] 
© 2 = 0.2949 
y = 2 V (Q/V) 

= 0.2949 x V (90/1.8) 
y = 2.085 meter b = 10.54 meter 

C = bC b + 2kyz 2 C c + (2y V(l +z 2 ) - 2 kyzi ) C s 

= 10.54 x200 + 2 x 0.7 x 2.085 x 0.588 x 225 + (2 x 2.085 x 1.8027 - 2 x 0.7 x 2.085 x 
0.30277) x 500 
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C = Rs 5810.83 per meter 

IV. Conclusion 

The condition for optimal design of trapezoidal canal is developing by considering the cost of lining. 
The cost of lining which is the sum of cost of base lining, cost of side lining and cost of curve lining is 
minimise with respect to variable for given area of flow . The optimal cost obtained by the proposed 
method by considering radius as bound and unbound. In unbound radius case we take radius as a 
constant. In bound radius case we take radius as function of depth of flow. It is seen that the cost 
obtained by bound radius is less than unbound radius. 
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Abstract 

This paper investigates the effects of Static Synchronous Compensator (STATCOM) on voltage stability of a 
power system. This paper will discuss and demonstrate how STATCOM has successfully been applied to power 
system for effectively regulating system voltage. One of the major reasons for installing a STATCOM is to 
improve dynamic voltage control and thus increase system load ability. This paper presents modeling and 
simulation of STATCOM in MATLAB/Simulink. In this paper A STATCOM is used to regulate voltage in a 
power system. When system voltage is low the STATCOM generates reactive power (STATCOM capacitive). 
When system voltage is high it absorbs reactive power (STATCOM inductive). The STATCOM more effectively 
enhance the voltage stability and increase transmission capacity in a power system. In this paper comparison is 
also performed between SVC and STATCOM under fault condition and it is shown that STATCOM have the 
ability to provide more capacitive power during a fault over SVC. It is also shown that STATCOM exhibits 
faster response than SVC. 

KEYWORDS' Dynamic Performance, FACTs, Matlab/Simulink,Transient Stability. 

I. Introduction 

Today's changing electric power systems create a growing need for flexibility, reliability, fast 
response and accuracy in the fields of electric power generation, transmission, distribution and 
consumption. Flexible Alternating Current Transmission Systems (FACTS) are new devices 
emanating from recent innovative technologies that are capable of altering voltage, phase angle and/or 
impedance at particular points in power systems. Their fast response offers a high potential for power 
system stability enhancement apart from steady state flow control. Among the FACTS controllers, 
STATCOM provides fast acting dynamic reactive compensation for voltage support during 
contingency events which would otherwise depress the voltage for a significant length of time. In 
emerging electric power systems, increased transactions often lead to the situations where the system 
no longer remains in secure operating region. The flexible AC transmission system (FACTS) 
controllers can play an important role in the power system security enhancement. However, due to 
high capital investment, it is necessary to locate these controllers optimally in the power system. 
FACTS devices can regulate the active and reactive power control as well as adaptive to voltage- 
magnitude control simultaneously because of their flexibility and fast. In this paper Control System 
Block diagram and V-I Characteristics of STATCOM are described. STATCOM is modeled in 
MATLAB/ Simulink and simulation results are shown and discussed. 
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II. Static Synchronous Compensator (STATCOM) 

The Static Synchronous Compensator (STATCOM) is a shunt device of the Flexible AC 
Transmission Systems (FACTS) family using power electronics to control power flow and improve 
transient stability on power grids. The STATCOM regulates voltage at its terminal by controlling the 
amount of reactive power injected into or absorbed from the power system. When system voltage is 
low, the STATCOM generates reactive power (STATCOM capacitive). When system voltage is 
high, it absorbs reactive power (STATCOM inductive). 
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Control System Block Diagram of STATCOM 
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Fig 1: Block Diagram of STATCOM 

Control System Block Diagram of STATCOM 
The control system consists of: 

• A phase-locked loop (PLL) which synchronizes on the positive-sequence component of the 
three-phase primary voltage VI. The output of the PLL (angle 0=cot) is used to compute the 
direct-axis and quadrature-axis components of the AC three-phase voltage and currents 
(labeled as Vd, Vq or Id, Iq on the diagram). 

• Measurement systems measuring the d and q components of AC positive-sequence voltage 
and currents to be controlled as well as the DC voltage Vdc. 

• An outer regulation loop consisting of an AC voltage regulator and a DC voltage regulator. 
The output of the AC voltage regulator is the reference current Iqref for the current regulator 
(Iq = current in quadrature with voltage which controls reactive power flow). The output of 
the DC voltage regulator is the reference current Idref for the current regulator (Id = current in 
phase with voltage which controls active power flow). 

• An inner current regulation loop consisting of a current regulator. The current regulator 
controls the magnitude and phase of the voltage generated by the PWM converter (V2d V2q) 
from the Idref and Iqref reference currents produced respectively by the DC voltage regulator 
and the AC voltage regulator (in voltage control mode). The current regulator is assisted by a 
feed forward type regulator which predicts the V2 voltage output (V2d V2q) from the VI 
measurement (Vld Vlq) and the transformer leakage reactance. 

IV. V-I CHARACTERISTICS OF STATCOM 

As long as the reactive current stays within the minimum and minimum current values (-Imax, Imax) 
imposed by the converter rating, the voltage is regulated at the reference voltage Vref. However, a 
voltage droop is normally used (usually between 1% and 4% at maximum reactive power output), and 
the V-I characteristic has the slope indicated in the figure. In the voltage regulation mode, the V-I 
characteristic is described by the following equation: 
V=Vref + Xs I 



438 



Vol. 2, Issue 1, pp. 437-442 



International Journal of Advances in Engineering & Technology, Jan 2012. 

©IJAET ISSN: 2231-1963 

Where 

V : Positive Sequence Voltage (pu) 
I : Reactive Current (I>0 indicates an Inductive Current) 
Xs: Slope or Droop Reactance 
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Fig 2: V-I Characteristics of STATCOM 

Modelling of STATCOM / SVC 
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Fig 3: STATCOM / SVC on a 500 KV Transmission Line 

The power grid consists of two 500-kV equivalents (respectively 2000 MVA and 3500 MVA) 
connected by a 600-km transmission line. In this paper STATCOM has a rating of +/- 
100MVA. "Droop" parameter should be set to 0.03 and the "Vac Regulator Gains" to 5 (Proportional 
gain Kp) and 1000 (Integral gain Ki). "Step Vref" block (the Red timer block connected to the "Vref" 
input of the STATCOM) should be programmed to modify the reference voltage Vref as follows: 
Initially Vref is set to 1 pu; at t=0.2 s, Vref is decreased to 0.97 pu; then at t=0.4 s, Vref is increased to 
1.03; and finally at 0.6 s, Vref is set back to 1 pu. Here fault breaker at bus Blwill not operate during 
the simulation. 
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VI. Comparison of STATCOM and SVC 

In an another experiment for comparison of STATCOM model with a SVC model having the same 
rating (+/- 100 MVA) SVC is connected to a power grid similar to the power grid on which our 
STATCOM is connected and disabling the "Step Vref" block by multiplying the time vector by 100 
then program the fault breaker by selecting the parameters "Switching of phase A, B and C" and 
verify that the breaker is programmed. 



SVC Power System 
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Fig 4: SVC Power System 



VII. Simulation Results and Discussions 




Fig 5: STATCOM Dynamic Response 

The first graph displays the Vref signal (green trace) along with the measured positive-sequence 
voltage Vm at the STATCOM bus (violet trace). The second graph displays the reactive power Qm 
(violet trace) absorbed (positive value) or generated (negative value) by the STATCOM. The signal 
Qref (green trace) is not relevant to this simulation. 
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Fig 6: STATCOM Faster Dynamic Response 

To check the impact of the regulator gains, the two gains of the Vac Regulator Gains are multiplied by 
two and simulation is rerun. A much faster response with a small overshoot is observed as shown in 
Fig. 6. 




Fig 7: Comparison between Vm and Qm of SVC and STATCOM 

For comparison of STATCOM model with a SVC model SVC is connected to a power grid similar 
to the power grid on which STATCOM is connected and disabling the "Step Vref" block by 
multiplying the time vector by 100 then program the fault breaker by selecting the parameters 
"Switching of phase A, B and C". Now simulation is run again at the "SVC vs STATCOM" scope 
graphs shown in Fig. 7 are observed. The first graph displays the measured voltage Vm on both 
systems (green trace for the SVC). The second graph displays the measured reactive power Qm 
generated by the SVC (green trace) and the STATCOM (violet trace). During the 10-cycle fault, a key 
difference between the SVC and the STATCOM can be observed. The reactive power generated by 
the SVC is -0.58 pu and the reactive power generated by the STATCOM is -0.79 pu. 

VIII. Conclusion 

Hence it is concluded that the maximum capacitive power generated by a SVC is proportional to the 
square of the system voltage (constant susceptance) while the maximum capacitive power generated 
by a STATCOM decreases linearly with voltage decrease (constant current). This ability to provide 
more capacitive power during a fault is one important advantage of the STATCOM over the SVC. In 
addition, the STATCOM will normally exhibit a faster response than the SVC because with the 
voltage-sourced converter, the STATCOM has no delay associated with the thyristor firing (in the 
order of 4 ms for a SVC). So STATCOM provides fast acting dynamic reactive compensation for 
voltage support during contingency events which would otherwise depress the voltage for a 



441 | 



Vol. 2, Issue 1, pp. 437-442 



International Journal of Advances in Engineering & Technology, Jan 2012. 

©IJAET ISSN: 2231-1963 

significant length of time. So In this paper it is successfully demonstrated that how STATCOM has 
successfully been applied to power system for effectively regulating system voltage. 
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Abstract 

In this paper the association rule mining algorithms are discussed and demonstrated. Particularly, the problems 
of association rule mining on high dimensional data are investigated and comparison of popular association 
rules algorithms are presented. The paper mainly focusing on the problem of curse of dimensionality 
associated with data bases and algorithms. To day there are several efficient algorithms that cope with the task 
of Association rule mining. Actually, these algorithms are less described in terms of dimensionality. In this 
paper, we described to day's approaches pointing out the common aspect and differences. A comprehensive 
experimental study against different UCI data sets are evaluated and presented. It turns out that the run time 
behavior of the algorithms with regards to numerous dimensionalities, derived rules, and processing time 
similar to be expected. It was ascertained that as increase in the dimensionality of the databases and with 
varying support values, the run time performance is proven better and faster in CARPENTER, COBBLER and 
TD- Close algorithms. 

KEYWORDS' Data Mining, Association Rule Mining, High Dimensional Data, Carpenter, Cobbler, TD- 
CLOSE 

I. Introduction 

1.1. Association Rules 

Association Rule Mining has become one of the core data mining tasks, and has motivated 
tremendous interest among data mining researchers and practitioners [1]. It has an elegantly simple 
problem statement, that is, to find the set of all subsets of items (called itemsets) that frequently occur 
in many database records or transactions, and to extract the rules telling us how a subset of items 
influences the presence of another subset. In other words, Association rule mining finds all rules in 
the database that satisfies some minimum support and minimum confidence constraints [2]. There are 
several algorithms have been developed till today. In a database of transaction D with a set of n binary 
attributes(items) I , a rule defined as an implication of the form X-> Y where X,Y C I and XflY. 
where X and Y are called Antecedent and Consequent of the rule respectively. The support, supp(X), 
of an item set X is defined as the proportion of transactions in the data set which contain the item set. 
The confidence of a rule is defined as Conf(X->Y) = supp (XUY)/supp(X) [52]. 
Association rules are defined as an implication rules that informs the user about set of items, which 
are likely to occur in a transactional data base [1], [2]. They are advantageous to use because they are 
simple, intuitive and do not make assumptions of any model. Their mining requires satisfaction of 
user- specified minimum support and confidence from a given data base at the same time. The process 
of discovering association rules is decomposed into two steps: in step one, generate all the item 
combinations i.e. frequent itemsets whose support is greater than the user specified minimum support. 
In step two secondly, use the identified frequent itemsets to generate the rules that satisfy a user 
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specified confidence. The generation of frequent itemsets requires more effort and the rule 
generations are discussed. 

Association rule mining on high dimensional data, now a days a high topic of research interest in 
many fields of data mining tasks. There are numerous data repositories which stores the data in 
different dimensions. Mining association rules on these data bases is a challenging issue. There is a 
need to find association rules on high dimensional data a more effectively for different applications 
and decision making. There has been work on quantifying the "usefulness" or "interestingness" of a 
rule [54]. What is useful or interesting is often application-dependent. The need for a human in the 
loop and providing tools to allow human guidance of the rule discovery process has been articulated, 
for example, in [55] [56]. 

1.2. Outline of the paper 

In this paper we deal with algorithmic aspects of association rule mining on high dimensional data. In 
fact, a broad variety of efficient algorithms to mine association rules have been developed during the 
last years. We are giving the general review of basic ideas and comparisons behind association rule 
mining on high dimensional data. Section 2 provides an analysis of high dimensional data. Section 3 
represents some detailed analysis of various association rule mining algorithms that are applied on 2- 
Dimensional, Multi Dimensional and High Dimensional data sets. Section 4 presents brief 
comparative analyses of assorted algorithms. Section 5 provides conclusions. 

II. Related Work 

In this paper we mainly restrict ourselves to the classic association rule problem. The mining of all 
association rules existing in the data base D with respect to certain user interesting measures. D in this 
case consisting of a data set with varying attributes or dimensions in the average out a total set of 
1000-10000 data set. Although the association mining is still topic of further research, during recent 
years many algorithms for specialised tasks have been developed: First of all, there are the approaches 
that enhance the association rules itself. E.g. quantitative association rules [19], generalized 
association rules [31] [32] and to some extent the work on sequential patterns [33] [34]. Moreover 
there are several generalizations of the rule problem [35] [36]. 

In addition algorithms were developed that mine well defined subsets of the rule set according to 
specified dimensions or interesting measures etc, e.g. General constraints [37] [38], optimized 
rules [39 ][40], maximal frequent itemsets [45], and frequent closed itemsets [46] [30]. Moreover there 
are algorithms to mine dense data bases [42] and speed tables. These approaches are supplemented by 
algorithms for online mining of association rules [43] and incremental algorithms e.g. [44] [41] 

III. Basic Preliminaries 

3.1. Problem formulation 

Let T be a discretized data table (or data set), composed of a set of rows, S = {rl, r2, ..., rn,}, where ri 
(i = 1, ..., n) is called a row ID, or rid in short. Each row corresponds to a sample consisting of k 
discrete values or intervals. For simplicity, we call each of this kind of values or intervals an item. We 
call a set of rids a rowset, and a rowset having k rids a k-rowset. Likewise, we call a set of items an 
itemset. A k-rowset is called large if k is no less than a user-specified threshold which is called 
minimum size threshold. Let TT be the transposed table of T, in which each row corresponds to an 
item ij and consists of a set of rids which contain ij in T. For clarity, we call each row of TT a tuple. 
Fig 1 shows an example table T with 4 attributes (columns): A, B, C and D. The corresponding 
transposed table TT is shown in Table 2.2. For simplicity, we use number i (i = 1, 2, ..., n) instead of 
ri to represent each rid. 

Originally, we want to find all of the frequent closed itemsets which satisfy the minimum support 
threshold min_sup from table T. After transposing T to the transposed table TT, the constraint 
minimum support threshold for itemsets becomes the minimum size threshold for rowsets. Therefore, 
the mining task becomes finding all of the large closed rowsets which satisfy minimum size threshold 
min_sup from table TT. 
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Fig 1: an example table T 

3.2. Analysis of High Dimensional Data 

The emergence of various new application domains, such as bioinformatics and e-commerce, 
underscores the need for analyzing high dimensional data. Many organizations have enormous 
amounts of data containing valuable information for running and building a decision making system. 
Extracting the value of that data is a challenge. First and foremost is to understand and analyze these 
large amount data for effective decision making. A study on mining large databases is presented in 
[3]. Generally, in a gene expression microarray data set, there could be tens or hundreds of 
dimensions, each of which corresponds to an experimental condition. In a customer purchase 
behaviour data set, there may be up to hundreds of thousands of merchandizes, each of which is 
mapped to a dimension. Researchers and practitioners are very eager in analyzing these data sets. 
However, before analyzing the data mining models, the researcher will analyze the challenges of 
attribute selection, the curse of dimensionality, the specification of similarity in high dimensional 
space for analyzing high dimensional data set. Association Rule Mining in high dimensional spaces 
presents tremendous difficulty in generating the rules, much better than in predictive mining. Attribute 
selection is a one which reduces the impact of high dimensional data space at the time of generating 
rules. 

Dimensionality curse is a loose way of speaking about lack of data separation in high dimensional 
space [4], [5], and [6]. The complexity of many existing data mining algorithms is exponential with 
respect to the number of dimensions [4]. With increasing dimensionality, these algorithms soon 
become computationally intractable and therefore inapplicable in many real applications. 

3.3. Dimensionality Reduction 

In general, there are two approaches that are used for dimensionality reduction: 
(1) Attribute Transformation 
(2) Attribute Decomposition. 

Attribute Transformations are simple function of existent attributes. For sales profiles and OLAP-type 
data, roll ups as sums or averages over time intervals can be used. In multivariate attribute selection 
can be carried out by using Principle Component Analysis (PC A) [7]. 

Attribute Decomposition is a process of dividing data into subsets. Using some similarity measures, so 
that the high dimensional computation happens over smaller data sets [8]. Dimensions stay the same, 
but the costs are reduced. This approach targets the situation of high dimensions, large data. It was 
proven that, for any point in a high dimensional space, the expected gap between the Euclidean 
distance to the closest neighbour and that to the farthest point shrink as the dimensionality grows [6]. 
This phenomenon may render many data mining tasks ineffective and fragile because the model 
becomes vulnerable to the presence of noise. 

IV. Algorithms of Association Rule Mining on High Dimensional 
Data 

In this section, we briefly describe and systematize the most common algorithms. We do this by 
referring to the fundamentals of frequent itemset generation that was defined in the previous section. 
Our goat is not to go too much into detail but to show the basic principles and differences between the 
approaches. 
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The Association rule mining (ARM) research mainly focuses on discovery of patterns and algorithms. 
In general, most of the discovered huge numbers of patterns are actually obvious, redundant, and 
useless or uninteresting to the user. Techniques are needed to identify only the useful/interesting 
patterns and present them to the user. The data items and transactions are organized in high 
dimensional space; it is natural to extend mining frequent itemsets and their corresponding association 
rules to high dimensional space. High dimensional association rules involve more number of 
dimensions or predicate. In many applications, it is difficult to find strong associations among data 
items at high dimensions of abstraction due to the sparsity of data and may need of commonsense 
knowledge representation. 

The remainder of this chapter let us see several state-of-art algorithms for mining association rules 
form high-dimensional data. The discussion starts with various algorithms applied on two dimensional 
data sets followed by algorithms on multidimensional data sets and finally ends with algorithms 
applied on high dimensional data. 

4.1 Apriori Algorithms 

The Apriori algorithm is based on the above-mentioned steps of frequent itemsets and rule generation 
phases [1], [9]. It is applied on 2-Dimensional data set. Frequent itemsets are generated in two steps. 
In the first step all possible combination of items, called the candidate itemset (Ck) is generated. In 
the second step, support of each candidate itemset is counted and those itemsets that have support 
values greater than the user-specified minimum support from the frequent itemset (Fk). In this 
algorithm the database is scanned multiple times and the number of scans cannot be determined in 
advance. 

The AprioriTID algorithm is a variation to basic Apriori algorithm [1], [9]. It used to determine the 
candidate itemsets before each pass begins the main interesting feature of this algorithm is that it does 
not use the database for support counting after the first pass. In this it uses a set with Ck with the 
elements Tid and a large k-itemsets present in the transactions with the associated identifier Tid. If a 
transaction does not contain a k-itemsets then the set will not have any entry for that transaction. 
The SETM, the Set Oriented Mining [10], [11]. This uses the SQL join operations for candidate 
generation [53]. It can also be used k-way join operations for candidate generation [12]. The candidate 
item set with the TID of generating transaction is stored as a sequential structure, which is used for 
support counting. 

Apriori can be combined with BFS and DFS. In BFS it scans the data base once for every candidate 
set size k [51]. When using DFS the candidate sets consists only of the item sets of on of the nodes in 
the tree. The simple combination of DFS with counting occurrences is therefore no practical relevance 
[50]. 

4.2. Partition Algorithm 

The Partition algorithm differs from the Apriori algorithm in terms of the number of database scans 
[13]. The partition algorithm scans the database at most twice. The algorithm is inherently parallel in 
nature and can be parallelized with minimal communication and synchronization between the 
processing nodes the algorithm is divided into 2 phases: i) during the first phase, the database is 
divided into n non-overlapping partitions and the frequent itemsets for each partition are generated, ii) 
In the second phase, all the local large itemsets are merged to form the global candidate itemsets and a 
second scan of the database is made to generate the final counts. 

The partition algorithm is designed to generate rules in parallel and utilize the power of a number of 
processors. It is used to aggregate the power and memory of many processors. The data in the form of 
a single file is distributed among different processors with each processor generating itemsets for that 
part of the data in parallel. This would require the passing of intermediate information among 
processors to generate the global rules. The parallelized partition algorithm, although developed for 
multiple processors, can be adapted for multiple database scenarios where data is distributed over 
multiple databases 

4.3. Parallel Mining of Association Rules 

Although Apriori is a simplest sequential ARM algorithm designed so far but it has some limitations 
like large number of candidate itemsets were generated that scans database at every step. To 
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overcome these demerits several parallel algorithms are used to discover the association rules [14]. In 

spite of the significance of the association rule mining and in particular the generation of frequent 

itemsets, few advances have been made on parallelizing association rue mining algorithms [49] [48]. 

Most of these algorithms are based on Shared memory Multiprocessor (SMP)[14] architecture based 

on Apriori like algorithms. 

These algorithms are designed on different platforms i.e. shared memory system (SMS) and 

distributed memory system (DMS). CCPD (common candidate partition data base) and PCCD 

(Partitioned Candidate Common Database) proposed on a shared memory system. Three Apriori 

based parallel algorithms are used to mine association rules in parallel mining approach. They are as 

follows: 

The Count Distribution algorithm is a straight-forward parallelization of Apriori. Each processor 

generates the partial support of all candidate itemsets from its local database partition. At the end of 

the each iteration the global supports are generated by exchanging the partial supports among all the 

processors. 

The Data Distribution algorithm partitions the candidates into disjoint sets, which are assigned to 

different processors. However to generate the global support each processor must scan the entire 

database (its local partition, and all the remote partitions) in all iterations. It thus suffers from huge 

communication overhead. 

The Candidate Distribution algorithm also partitions the candidates, but it selectively replicates the 

database, so that each processor proceeds independently. The local database partitions are still 

scanned at each and every iteration. 

4.4. Incremental Mining of Association Rules 

The Incremental mining algorithm is used to find new frequent itemsets [15], [16], [17]. It requires 
minimal recompilation when new transactions are added to or deleted from the transaction database. 
Incremental mining algorithm is combined with negative border approach to find association rules on 
high dimensional data attributes using sampling on large databases. The negative border consists of all 
itemsets that were candidates, which did not have the minimum support [18]. During each pass of the 
Apriori algorithm, the set of candidate itemsets Ck is computed from the frequent itemsets Fk-1 in the 
join and prune steps of the algorithm. The negative border is the set of all those itemsets that were 
candidates in the k th pass but did not satisfy the user specified support. The algorithm uses a full scan 
of the whole database only if the negative border of the frequent itemsets expands. Another variant for 
incremental mining of association rules proposed in [58]. Incremental clustering can be used along 
with association rule mining to acquire knowledge which can be further under study. 

4.5. Multi Dimensional Association Rules 

Multi dimensional association rule mining carried on multi dimensional datasets which stores the data 
in more than one dimensions or predicates [19]. Multidimensional association rules are used to mine 
when the data or transactions are located in multidimensional space, such as in a relational database or 
data warehouse. Multiple dimensional association rule mining is to discovery the correlation between 
different predicates/attributes [20]. Each attribute/predicate is called a dimension. The data may 
contain different types of data such as categorical, Boolean, numeric. The attributes are also called as 
quantitative attributes. Association rule mining on these attributes can be carried both in static and 
dynamic discretization methods [21]. 

More research work is carried under Dynamic discretization method. In this the numeric attributes are 
dynamically discretized during the mining process so as to satisfy the mining criteria. Predicate 
attributes or values in the dimensions are converted into Boolean values so as to carry the mining 
process very effectively [22]. It is carried on following steps. 1) Determine the number of partitions 
for each predicate or attribute. 2) Generation of frequent itemsets. 3) Generating interesting rules 
using minconf. Fabulous research work is carried under Quantitative association rules ranging from 
low-level predicates to multi dimensional predicate and used for different range of application. 

4.6. CARPENTER Algorithm 

A new method for finding closed patterns in high-dimensional biological datasets, called 
CARPENTER [23]. This integrates the advantages of vertical data formats and pattern growth 
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methods to discover stored patterns in data sets. By converting data into vertical data format {item: 
TID_set}, the TID_set can be viewed as rowset and the FP-tree so constructed can be viewed as a row 
enumeration tree. CARPENTER conducts a depth-first traversal of the row enumeration tree, and 
checks each rowset corresponding to the node visited to see whether it is frequent and closed. 

4.7. COBBLER Algorithm 

A COBBLER algorithm is used to find frequent closed itemset by integrating row enumeration with 
column enumeration [24]. Its efficiency has been demonstrated in experiments on a data set with high 
dimension and a relatively large number of rows. Mining frequent itemsets in the presence of noise in 
the large data sets is another issue to consider [25]. Since the data set may contain noisy and 
inconsistent data, which may affect the performance at the time of mining. Several algorithms and 
analysis work is presented to mine frequent item. 

4.8. TD-Close Algorithm 

TD-Close used to find the complete set of frequent closed patterns in high dimensional data [26]. It 
exploits a new search strategy, top-down mining, by starting from the maximal rowset, integrated with 
a novel row enumeration tree, which makes full use of the pruning power of the min_sup threshold to 
cut down the search space. A new algorithm for discovering maximal frequent set [59] is combined 
along with TD-Close to find efficient frequent set. 

4.9. Pattern-Fusion Algorithm 

Furthermore, an effective closeness-checking method is also developed that avoids scanning the 
dataset multiple times. Even with various kinds of enhancements, the above frequent, closed and 
maximal pattern mining algorithms still encounter challenges at mining rather large called colossal 
patterns [27], since the process will need to generate an explosive number of smaller frequent 
patterns. Colossal patterns are critical to many applications, especially in domains like bioinformatics 
A novel mining approach is investigated, called Pattern-Fusion [28], which efficiently finds a good 
approximation, to colossal patterns. With Pattern-Fusion, a colossal pattern [27], is discovered by 
fusing its small fragments in one step, whereas the incremental pattern-growth mining strategies, such 
as those adopted in Apriori and FP-growth, have to examine a large number of mid-sized ones. 
Mining partial periodic patterns in time series databases is another interesting study [57]. This 
property distinguishes Pattern-Fusion from existing frequent pattern mining approaches and draws a 
new mining methodology. Further extensions on this methodology are currently under investigation. 
Long patterns series from huge databases can be mined efficiently using [60]. 

V. Experimental Results and Discussions 

In this section we compare the algorithms and explain the observed differences in performance 
behaviour. 

5.1. Experimental Results 

To carry out performance studies we implemented the common algorithms to mine association rules 
starting with Apriori to multi and high dimensional algorithms like CARPENTER and COBBLER 
algorithms. 

To evaluate the efficiency of the algorithms varying with different dimensionality along with the 
Apriori algorithm is implemented at the same condition. We use different synthetic data sets and real 
data set sample Basket Sales contain 3 to 100 dimensions, Car Equipment Data, Lung Cancer(LC), 
ALL, OC, POS, Thrombin database which contains 3 to 15000 dimensions. The commonly used data 
sets are show in figure 2 and figure3. We performed our experiments using a Pentium IV 1, 8 
Gigahertz CPU with 512MB. 

The experiments in figure 4to figure 7 were carried out on a synthetic data sets from [2] [47]. These 
data sets were generated with a data generator [2] that simulates the buying behaviour of customers in 
retail business' Data set " T10.I4.D100K" means an average transaction size of 10, an average size of 
the maximal potentially frequent itemsets of 4 and 100,000 generated transactions. The number of 
patterns was set to 2,000 and the number of items to 1,000. 
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In addition to the experiments from [2] [47], we restricted the maximal length of generated itemsets 
from 1 up to 9 on the data set "T20.I4.D100K" at min_sup= 0.33%, c.f. figure 8, 9, 10 shows the 
behaviour of the algorithms on real world applications. The basket data consists of about 70,000 
customer transactions with approximately 60,000 different items. The average transaction size is 10.5 
items. The car equipment data contains information about 700,000 cars with about 6,000 items. In the 
average of 20 items are assigned to each car. It is ascertaining that all the algorithms scale linearly 
with the data base size. 



Data set 


#item 


#row 


Avg row length 


thrombin 
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Fig 2: Data set for COBBLER, 
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No. Of. Dimensions 
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Fig 3: Data set for CARPENTER, and TD_Close 
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Fig 7: Car Equipment Data 



449 



Vol. 2, Issue 1, pp. 443-454 



International Journal of Advances in Engineering & Technology, Jan 2012. 

©IJAET ISSN: 2231-1963 



Runtime for Lung Cancer 

— ♦— TDCIose —■— Carpenter 




] Apriori ■RSMAR 



: 3000 ! 



= 2000 
o 

f 1000 

Q. 

i o 

o 



JH_ 



m 



2 3 4 

Minimum support 



Fig 8: Run time for Lung Cancer 



Fig 9: Run time for Sales data with 3 
dimensions 



1HO0O-1 



M. 



"v"^ 



=* 



4 5 6 7 3 9 
Wfirmm Syppoit 



100000 
10000 

I ™ 

^ I'll 

I B 

1 




Fig 10: Varying min_sup with 1=0.6: a) LC, b) ALL, c) OC 

5.2. Comparative Study and Discussion 

The several approaches to mine association rules and the need of high dimensional data analysis were 
discussed on high dimensional data. It represents major issues in analyzing the high dimensional data 
and their importance. Association rule mining algorithms such as Apriori and AprioriTID etc on two 
dimensional data, RSMAR, Fuzzy, and QARM algorithms on Multi dimensional data, 
CARPERNTER, COBBLER, and TD-CLOSE etc algorithms on high dimensional data are used to 
find patterns form the databases. They strive to provide approximate solutions on low cost and 
improve the performance. Their performance categorizations are as follows. 

The basic Apriori, AprioriTID [1] [9] and SETM [10] algorithms ascertain that they are efficient for 
mining association rules on two dimensional data. But they suffer with multiple scans over the 
database and as the database size increases it shows effect on performance. 

The Partition Algorithm [13] for mining of Association Rules is better than the basic approach in 
reducing the number scans and increasing the efficiency when the data base size is increase. Six 
synthetic datasets of varying complexity are generated. These data sets are varying from very few 
transactions with few frequent itemsets to larger transactions with more number of frequent itemsets. 
The Incremental Mining of Association rules are proved efficient scalable over the earlier Apriori 
Algorithms [18]. It is observed that the number of passes or scans over the database is reduced with 
respect to varying number of rows and frequent patterns. Its performance evaluation is carried out on 
large databases with various dimensionalities and proved efficient in finding frequent patterns. 
The performance of Association rule mining on multidimensional dataset was discussed on RSMAR 
[22], and QARM [29]. It is observed that RSMAR performs better and more rapid than basic 
traditional Apriori, which decreases the number of database scans and reduces the computations. 
CARPENTER is much faster that earlier CHARM [3] and CLOSET [30], in finding frequent closed 
patterns on data sets with small number of rows and large number of features represented as 
dimensions. CARPENTER outperforms better in running time and faster by varying the minimum 
support and minimum length ratio [23]. It is observed that it outperforms better run time at higher 
support level i.e. as min_sup is decreased and much faster in finding frequent patterns. 
COBBLER is much faster than CARPENTER in finding frequent closed patterns on a data set with 
large number of rows and features or dimensions [24]. It performs better in runtime by varying 
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minimum support and row ratio. COBBLER performs better run time and faster when min_sup is 
relatively high and best when it decreased. 

The TD-Close algorithm is much faster than CARPENTER after discretization using entropy based 
method. This is due to the decrease in min_sup as the dimensionality is reduced. This further reduces 
the runtime of the TD-Close algorithm. 

VI. Conclusion 

The purpose of this article is to present a comprehensive classification of different Association rule 
mining techniques for high dimensional data. Association rule mining has gained considerable 
prominence in the data mining community because of its capability of being used as an important tool 
for knowledge discovery and effective decision making. Association rules are of interest to both 
database community and data mining users. Since data items and transactions are organized in high 
dimensional space, it is natural to extend mining frequent itemsets and their corresponding association 
rules to high dimensional space. Due to the huge accumulation in the data by day to day computations 
it makes attention to the researcher to study several issues pertaining to rule discovery particularly 
when data is represented in high dimensional space. As the number of dimensions increase, many 
Association rule mining techniques begin to suffer from the curse of dimensionality, de-grading the 
quality of the results. 

In this paper, the algorithmic aspects of association rule mining on high dimensional data are 
presented. From the broad variety of efficient algorithms that were developed are compared the most 
important one. The algorithms are systemized and analyzed their performance based on both run time 
experiments and theoretical considerations. . From the above discussion it is observed that the current 
techniques will suffers with many problems. It is also observed that as the diversity in databases and 
numerous dimensionalities of the databases, the various algorithms are proven to be efficient in 
finding frequent patterns in terms of run time as the decrease in support values. The COBBLER, 
CARPENTER and TD-Close are the better and much faster algorithms in finding the frequent patterns 
over the high dimensional data spaces. 
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Abstract 

The Internet traffic is growing, and its nature changes because of new applications. Multimedia applications 
require bandwidth reservations that were not needed initially when the file transfers dominated the Internet. 
P2P applications are making traffic patterns impossible to predict, and the traffic loads generated at nodes need 
to be routed regardless of the traffic pattern. Our goal in this paper is to achieve efficient load balancing in P to 
P network. Today's routing protocol does not provide load balancing in P to P network such as shortest path 
routing (SPR) protocols used on the Internet today do not maximize the guaranteed node traffic loads, and do 
not provide scalable and fast bandwidth reservations. Load balancing can improve the network throughput for 
arbitrary traffic pattern. In this paper we analyze and implement a routing protocol that is based on load 
balancing and a commonly used shortest path routing protocol, and is, consequently, termed as LB-SPR. LB- 
SPR is optimized for an arbitrary traffic pattern. Optimization assumes only the weights assigned to the network 
nodes according to their estimated demands. It will be shown that the optimized routing achieves the 
throughputs which are significantly higher than those provided by the currently used SPR protocols, such as 
OSPF or RIP. Importantly, This new methods calculates the guaranteed traffic loads and so allows fast 
autonomic bandwidth reservations which are the key for the successful support of triple-play applications, 
including video and audio applications that require high QoS. 

KEYWORDS: Shortest path routing (SPR), Open Shortest Path First (OSPF). 

I. Introduction 

The Internet traffic has experienced some major changes lately, which require modifications in the 
network planning and routing protocols. Heavy traffic loads are generated by the multimedia 
applications, and the actual traffic distribution in the network becomes very hard to predict, due to the 
developing peer-to-peer services. On the other hand, the traditional approach to traffic grooming and 
routing optimization in the optical networks assumes that the traffic demands between pairs of nodes 
are known, which often not the case is. New routing protocols should be able to optimally utilize the 
network without knowing the actual traffic distribution. It is widely accepted that the next-generation 
networks should become more autonomic in the process of the network configuration, topology 
change detection and adaptation to the traffic load changes. Some of these features are incorporated 
into today's IP networks: they have the ability to detect the topology changes and change the routing 
accordingly, the TCP congestion control mechanism adapts the transmission speed to the traffic load 
changes, etc. These applications require high quality of service: bandwidth reservations and delay 
guarantees. Centralized bandwidth reservations can obviously become a bottleneck in large-scale 
networks, as well as the reservations which require each router to know about the available link 
capacities in the whole network. So, a new mechanism for fast bandwidth reservations is needed. 
Because of the traffic unpredictability, the customers attached to the network nodes should be served 
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regardless of the traffic pattern between them. In other words, the guaranteed node traffic loads should 
be sufficient to support all the users attached to these nodes. When the guaranteed node traffic loads 
are determined, the bandwidth reservations through the network become simple. Each session learns 
from its router (node) if it can be passed through the network, since the router knows its guaranteed 
traffic load and the already reserved capacity. If the session can be passed, its request for the 
bandwidth reservation is passed to the destination router, which checks if there is sufficient capacity 
on its links toward customers since it knows its guaranteed traffic load and the already reserved 
capacity. In this way, bandwidth reservations are distributed and are consequently agile. For each 
session, only two edge routers check their available capacities. And, each router handles bandwidth 
reservation only for the flows that are either entering or leaving the network through that router. Fast 
automated bandwidth reservations are very important for growing multimedia applications that 
demand high QoS, i.e. bandwidth and delay guarantees. If all the flows of equal priority negotiate 
certain policing interval, the delay guarantees can be achieved when the bandwidth is reserved. 

II. Load Balanced Shortest Path Routing (LB-SPR) 

As already described, the proposed routing strategy uses the standard OSPF combined with load 
balancing, to route the traffic between a pair of nodes in two phases. It distributes the load more 
evenly among all the links in the network, thereby lowering the average link utilization for congested 
links, and avoiding bottlenecks. The routing algorithm was proposed, that uses load balancing, and the 
traffic between every pair of nodes in the network is routed in two phases. First, portions of the routed 
flow are directed to the balancing routers, according to the balancing coefficients assigned to the 
routers in the network. Then, in the second phase, every balancing router sends the traffic to its final 
destination. In this each phase uses the standard shortest path routing (SPR) protocol. In LB-SPR, 
every packet is routed in two phases, with SPR as the underlying routing protocol in both of the 
phases. 

When a packet arrives to the source router, its intermediate router is determined. The packet is sent to 
the intermediate router using the standard SPR protocol, and from the intermediate router to the 
destination router again using the standard SPR protocol. The load is balanced across the intermediate 
routers, meaning that the specified portions of each flow are transmitted through the intermediate 
routers. These portions are referred to as the balancing coefficients. A balancing coefficient depends 
only on the associated balancing router. Balancing coefficients are optimized to maximize the 
network throughput while ensuring that nodes can generate and receive loads which are proportional 
to the allocated weights. The node weights are chosen to reflect the expected demands at the nodes. 
The LB-SPR protocol uses the signaling of the OSPF protocol. Through this signaling, each router in 
the network is learning the network topology, and the capacity of the nodes' external (customer) links. 
The external link capacities are taken to be the node weights. The OSPF signaling had to be extended, 
to distribute the information about the link capacities, as well. Based on the information provided 
through the OSPF signaling, the OSPF routing tables are calculated and the routing optimization is 
performed. The optimal values of the balancing coefficients are determined for all the routers, using 
linear programming. Now, the packets are routed based on the balancing coefficients, using the 
standard OSPF and the loose source routing. Consequently, LB-SPR maintains autonomic fault 
recovery mechanism developed within OSPF. Namely, whenever there is a network topology change, 
the routing is adjusted accordingly. 

In the proposed routing scheme, the traffic between a node pair (/, j) is routed in two phases. First, 
portions of the flow from i to j are routed to the intermediate nodes m .. V (V is the set of network 
nodes). In the next phase, every intermediate node forwards the traffic to its final destination j. The 
traffic from / to m, and from m to j is routed along the shortest paths. The portion of the flow that is 
balanced across node m equals km, and does not depend on i and j. Of course, E m ..V km = 1. Fig. 1 
illustrates the case of routing the traffic between the nodes 1 and 5. The first phase of the flow routing 
is represented by the dashed arrows, and the second phase of the flow routing by the solid ones. 
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Fig.l: Routing Scheme illustration. 



III. Shortest Path Routing 

First we see what is shortest path, suppose you want to find the shortest path between 
two intersections on a city map, a starting point and a destination. The order is conceptually simple: to 
start, mark the distance to every intersection on the map with infinity. This is done not to imply there 
is an infinite distance, but to note that that intersection has not yet been visited. (Some variants of this 
method simply leave the intersection unlabeled.) Now, at each iteration, select a current intersection. 
For the first iteration the current intersection will be the starting point and the distance to it (the 
intersection's label) will be zero. For subsequent iterations (after the first) the current intersection will 
be the closest unvisited intersection to the starting point — this will be easy to find. From the current 
intersection, update the distance to every unvisited intersection that is directly connected to it — this is 
done by relabeling the intersection with the minimum of its current value and value of the current 
intersection plus the distance between. In effect, the intersection is relabeled if the path to it, through 
the current intersection is shorter than the previously known paths. 




Fig.2: The scheme of the LB-SPR implementation [1]. 

To facilitate shortest path identification, in pencil, mark the road with an arrow pointing to the 
relabeled intersection if you label / reliable it, and erase all others pointing to it. After you have 
updated the distances to each neighboring intersection, mark the current intersection as visited and 
select the unvisited intersection with lowest distance (from the starting point) - or lowest label — as 
the current intersection. Nodes marked as visited are labeled with the shortest path from the starting 
point to it and will not be revisited or returned to. Continue this process of updating the neighboring 
intersections with the shortest distances, then marking the current intersection as visited and moving 
onto the closest unvisited intersection until you have marked the destination as visited. Once you have 
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marked the destination as visited (as is the case with any visited intersection) you have determined the 
shortest path to it, from the starting point, and can trace your way back, following the arrows in 
reverse. 

IV. Implementation 

In this section, the implementation of the previously analyzed LB-SPR routing protocol. In order to 
make LB-SPR as compatible as possible to OSPF, it is implemented in each OSPF area separately. 
When a packet enters the OSPF area, its intermediate router is determined. The proposed routing 
scheme uses OSPF to route the packets between the source router and the intermediate router, as well 
as between the intermediate router and the destination router. Here, the source router is the first router 
that the packet encounters when it enters the OSPF area, and the destination router is the last router 
that the packet passes in the OSPF area under consideration. In a common IP router that uses the 
OSPF protocol, when a packet arrives to the router, it is first processed by the packet processor. The 
packet processor uses its lookup table to determine the router output port to which the packet should 
be forwarded based on its destination IP address. The lookup table is updated whenever the network 
topology changes, which provides an autonomic reliability. A software module calculates new lookup 
table based on the LSA (Link State Advertisement) control packets exchanged through the OSPF 
protocol, and sends it to the packet processor. The balancing coefficients are recalculated whenever 
the network topology changes, which provides the same autonomic reliability as does the OSPF. 
The LB-SPR implementation is illustrated in Fig. 2. The solution is based on the OSPF 
implementation, which is extended to support load balancing. First, it was necessary to allow the 
retrieval and distribution of the specific information needed by the linear program for the routing 
optimization, such as the node weights Ci. Finally, the load balancer was implemented to route the 
packets entering the OSPF area according to LB-SPR. Load balancer first has to determine the 
intermediate router for each incoming packet, and then to direct the packet accordingly. Specified 
portions of all the flows entering source routers have to be directed to the intermediate routers, 
according to the calculated optimal values of the coefficients ki. We chose the loose source routing as 
the simplest IP -based solution. Namely, the destination IP address of a packet entering the OSPF area 
is replaced with the IP address of the intermediate router, while the destination address becomes part 
of the loose source routing option field. 

Let us summarize how the packets are processed in the router shown in Fig. 2. The path for the "new" 
packet entering the OSPF area is represented with the full line in Fig. 2. The packet which is entering 
the OSPF area has to be processed by the load balancer, which determines the intermediate router for 
the packet, and modifies the IP header accordingly. Once the packet has been modified by the load 
balancer, it is forwarded through the network using the standard OSPF routing tables. On the other 
hand, the path of the "old" packet that has already been modified by its source router is represented by 
the dashed line. This packet is only passing through the given router, and does not need to be 
processed by the load balancer. The information needed to route this packet can be obtained from the 
standard OSPF routing table. 

4.1 Extended OSPF Module 

In the case of the regular OSPF, the changes of the network topology trigger the recalculation of the 
OSPF routes. For LBSPR, every time the topology changes it is also necessary to repeat the routing 
optimization and recalculate the balancing coefficients k i? based on the updated OSPF routing tables. 
The node weights Ci are needed to run the optimization. These weights can be set by the 
administrator, or can be, more desirably, autonomic. Therefore, we use the SNMP protocol to detect 
the operational state of the router interfaces in the network, as well as their speeds. The use of the 
SNMP to detect the changes of the interface operational states (up or down), and their capacities allow 
together with the OSPF mechanism full automation of the topology change discovery and distribution. 
Using SNMP, each router learns the operational state of its interfaces and their speeds, and distributes 
this control information inside the OSPF area. The opaque LSAs with the area-local scope are used to 
convey this information according to the OSPF standard. Opaque LSAs were introduced to provide a 
generalized mechanism to allow for the future extensibility of OSPF. Opaque LSA consists of the 
standard LSA header followed by the 32-bit application-specific information field. In our 
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implementation, the opaque type value is selected from the range reserved for experimental and 
private use. The routers' weights, i.e. external link capacities, are transferred as the 64-bit integer 
values. Incoming and outgoing opaque LSAs are processed and stored into the LSA database. 
Whenever the external link capacity changes, the router learns about the change through the SNMP 
protocol, and distributes the updates by the opaque LSAs. Using this information, the OSPF module 
calculates the IP routing table and sends this table to the packet processor of the router. Whenever the 
network topology changes, the OSPF module recalculates the IP routing table and sends its updates to 
the packet processor. In the LB-SPR implementation, the selected information about the network 
topology and the capacity of the routers' external (customer) links is transmitted to the optimization 
module. The OSPF obtains this information from standard LSAs and opaque LSAs. Using this 
information, the optimization module determines the parameters required to perform load balancing. 

4.2 Optimization module 

The optimization module gets the required information from the OSPF module which performs the 
signaling, as we have described in the previous subsection. Based on this information, it optimizes the 
routing based on load balancing, and sends the required parameters to the load balancer which 
performs the actual routing of incoming packets. 
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Fig. 3: The scheme of the optimization module [1] 

The optimization module is shown in Fig. 3. Based on the network topology information obtained 
from the OSPF module, the Dijkstra module calculates forwarding trees for all nodes in the network 
according to the Dijkstra algorithm. The Dijkstra module also calculates the IP network address of 
each intermediate router through which the traffic will be balanced. This IP address will replace the 
destination IP address when the source routing is used in the load balancer. Using the calculated trees, 
the next module in line, the LP preparation module calculates coefficients F l ijy i, j .. V which are 
required for the linear program. Finally, the LP Solve module optimizes the routing and calculates the 
balancing coefficients k h i .. V , which are necessary to the load balancer. 

4.3 load balancer 

The load balancer receives the balancing coefficients from the optimization module. It also receives 
the information about the IP network addresses of the intermediate routers. These addresses are 
calculated by the Dijkstra module, which is the part of the optimization module. The load balancer 
gets the information that it requires through a TCP connection. Based on this information, the load 
balancer determines the router output port for each packet entering the router and the OSPF area, and 
modifies its header in order to balance the traffic appropriately. 

For each destination router j, the load balancer of the given source router i stores the information 
about the currently used intermediate router m 7 . We will call router m 7 the active intermediate router. It 
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also maintains a counter with the number of bytes Bj that remain to be balanced across that 
intermediate router. The initial value of the counter is proportional to the balancing coefficient k mj of 
the intermediate router m 7 . When a packet enters the OSPF area, it has to be processed by the load 
balancer. First, the destination router for the packet is determined, based on the IP address of the 
packet destination. Let us say that it is a destination router j. Then, the corresponding IP network 
address of m 7 is found, as well as the counter 5/ by the search through a Patricia tree. The Patricia tree 
allows for a fast lookup. Then, the packet header is modified: the destination address is replaced by 
the IP network address of the intermediate router m 7 , and the original destination address is placed in 
the option field for the loose source routing. The counter Bj is then decremented by the length of the 
packet (in bytes). When the counter Bj is smaller than the packet length, the active intermediate router 
is updated. The next router from the list of possible intermediate routers, m 7 = next (my), becomes 
active, and the counter Bj is set to the value proportional to the balancing coefficient corresponding to 
that intermediate router, k mj . 

V. Testing 

5.1 Testing environment 

The network simulation using virtual machines as the network nodes is gaining more popularity with 
the increase of the computer processing power. The advantage of this simulation method is that the 
protocol under consideration is executed as it would be executed in the exploitation conditions. This 
way, the more accurate simulations are performed, and possible errors when adapting the protocol 
implementation to the simulation tools are avoided. We selected Xen as the virtualization platform 
because of its maturity and performance [9]. Xen allows several operating systems to be executed on 
the same computer hardware concurrently. Administrator starts these operating systems through the 
main operating system, named domO, which boots automatically. 

The virtual machines implement the entire TCP/IP stack in which the OSPF protocol will be replaced 
by the LB-SPR protocol shown in Fig. 2. The virtual machines will play the role of both routers and 
hosts in the network. The data will be exchanged in the network, and we will test the LB-SPR 
functioning using the Multi Router Traffic Grapher (MRTG) packet analyzer [10]. 

5.2 Functional verification of the L LB-SPR implementation 

The performance of LB-SPR was analyzed in the network represented in Fig. 4. This is, in fact, the 
simplified version of the Exodus network topology. For the purpose of this simulation, all the nodes in 
one city were represented by a single node, and the equivalent link weights were calculated. This 
network was emulated using seven computers and one Ethernet switch as represented in Fig. 5. 
Depending on the processor speed and RAM size, the number of the virtual routers executed on a 
single computer ranges from two to five. The virtual routers X and Y on a single computer are 
connected through the Xen bridge Xenbr XY. 




£ Oak Brook: 



Fig. 4: The simulation environment [1] 
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Each virtual router is configured using the configuration script. For the analyzed network, the worst- 
case traffic pattern for OSPF was determined using the maximum matching algorithm. The critical 
link for OSPF is the link between Tukwila and Santa Clara. It gets congested when the following pairs 
of nodes communicate with the maximum speeds: Oak Brook - San Jose, Toronto - Palo Alto, 
Amsterdam - Santa Clara, Tukwila - Irvine, Chicago - Tokyo, and Waltham - El Segundo. The traffic 
between these nodes was set to the value that causes the critical link utilization to be 100%. Then, the 
LB-SPR is applied for the same traffic pattern. 
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The link utilizations for both OSPF and LB-SPR are observed using the MRGT packet analyzer and 
plotted in Fig. 5. The link utilizations in the case of OSPF are represented by the black lines and in the 
case of LB-SPR by the gray ones. It can be observed that the OSPF protocol uses 13 links to route the 
given traffic pattern, while the LB-SPR protocol uses 27 links. At the same time, the congestion of the 
critical link is lowered to 43.3% when LB-SPR is applied. Simulation results agreed with the 
analytical results which confirmed the correctness of the implementation. They show that LB-SPR 
balances the traffic over the network links better than OSPF. If the critical link 5 had two times lower 
capacity, LB-SPR would still pass the traffic, while SPR would not. 

VI. Conclusion 

This protocol is automated as the existing routing protocols such as OSPF, and adapts to the changes 
of the network topology. LB SPR calculates the traffic loads that the nodes can guarantee to carry. 
Using the information about the guaranteed node traffic loads, the bandwidth reservations become 
simple in such a network, and, consequently can be made fast. Fast and autonomic bandwidth 
reservations are important for the multimedia applications whose popularity is growing. At the same 
time, the LB-SPR protocol maximizes the node traffic loads that can be guaranteed in the given 
network. It was shown that LB-SPR improves the guaranteed traffic up to 7.7 times for the real 
networks that we considered, compared to the shortest path routing protocols such as OSPF. 
Since LB-SPR is using the OSPF signaling, it inherits its recovery speed which is insufficiently low 
for the interactive applications. If a faster recovery mechanism is needed, it can be employed at the 
lower layers as it is typically done. Alternatively, the capacities can be over provisioned to account for 
the failures to compare the costs of the networks using LB-SPR and OSPF in which the link capacities 
are over provisioned to pass given node traffic loads even when single failures, of nodes or links, 
occur. 
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Abstract 

This paper presents the severity of over load index (SOL) technique to find the optimal location of FACTS 
controller to achieve optimal power flow solution. The proposed method estimates the SOL index of 
transmission line to locate the FACTS device. Main objective of optimal power flow is to minimize the overall 
cost function which includes total active and reactive power production cost under constraints. Among various 
FACTS devices thyristor controlled phase shifters (TCP ST), thyristor controlled series compensator (TCSC) 
and static synchronous series compensators (SSSC) are considered to control active power flow through 
transmission line and also to reduce active power loss. Different operating conditions of the power system are 
considered for finding the optimal location of FACTS controllers. The proposed technique is an effective method 
for the optimal location of FACTS controllers. 

Keywords: facts, tcpst, tcsc, sssc, off 
I. Introduction 

In today's highly complex and interconnected power systems, there is a great need to improve electric 
power utilization while still maintaining reliability and security. Demand of electric power is 
continuously rising at a very high rate due to rapid industrial development. To meet this demand it is 
essential to raise the transmitted power along with the existed transmission facilities. The need for the 
power flow control in electrical power system is thus evident. Power flow is a function of 
transmission line impedance, the magnitude of the sending end and receiving end voltages and the 
phase angle between voltages. By controlling one or a combination of the power flow arrangements, it 
is possible to control the active, as well as, the reactive power flow in the transmission line [1]. The 
FACTS devices are capable of changing the system parameters in a fast and effective way. It is 
known that the benefits brought by FACTS devices include improvement of system stability, 
enhancement of system reliability, and reduction of operation and transmission investment cost [2]. 
In previous work, researches concentrated on locating and sizing of different types of FACTS devices 
in order to maximize the power transfer considering networks with variable loads. The problem was 
formulated as an optimization problem and was solved using different methods such as using iterative 
techniques, MATLAB optimization routines or Genetic Algorithm (GA) [3-5]. Optimization problem 
with the objective of minimizing the generating cost in a network with unchanged loads. The problem 
is solved using OPF algorithm using NR method. Which is fast and simple compared with 
conventional technique and also give promising results. Improvements of results with FACTS 
devices is compared with convention N-R OPF method without FACTS devices. OPF is a very large, 
non-linear mathematical programming problem, the main purpose of OPF is to determine the optimal 
operation state of a power system while meeting some specified constraints. Since the OPF solution 
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was introduced by squires [6]. The focus in this paper lies on thyristor controlled phase shifting 
transformers (TCPST), thyristor controlled series compensators (TCSC) and static synchronous series 
compensators (SSSC). These facts devices TCPST, TCSC and SSSC by controlling the power flows 
in the network can help to reduce the flows in heavily loaded lines, to reduce the system loss, reduced 
cost of production and fulfilled contractual requirements [7]. Location of FACTS devices in the power 
system are obtained on the basis of static and/or dynamic performance. There are several methods for 
finding the optimal location of FACTS devices but this paper introduces severity of overload index 
technique gives optimal location by estimating overload index of each transmission line. The 
proposed algorithm is tested using the IEEE 5 bus and IEEE 30 bus system and the results are 
presented. 

The description of remaining sections of this paper is as follows. Section 2 introduces OPF without 
FACTS devices. Modelling of FACTS devices is described in section 3. In section 4 problem 
formulations is presented. The experimental results on the IEEE5 bus and IEEE30 bus systems are 
presented in section 5. Finally section 6 summarizes the main conclusion and future scope of the 
paper. 

II. OPF without Facts Devices 

The objective of active power optimization is to minimize production cost while observing the 
transmission line and generation active and reactive power limits. 
Minimize ™ . 

F T =Zl C i( P Gi) (1) 



Subjected to 



2> G ,-2>m-^ =0 



(2) 

p < p max 

^ s ^L (3) 

pmin < p < pmax 
r Gi — r Gi — r Gi (4) 

Where n is the number of system buses and number of generating units respectively. C-(P G -)is 

production cost of the unit at i th bus, F T is the total production cost of m generators, P^ m & P^ ax are 

minimum and maximum active power limits of the unit at i th bus. P Dk is the active power load at bus 

k, P L is the network active power loss, Pi, P x max are the active power flow and its limit on line 1. 
The augmented lagrangian is, [18] 
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A is for power balance equation. 

jU™ m and//™ ax are lower and upper active power limits of unit at i th bus. 

jU l is for active power flow limit on line 1. 

N l is the number of transmission line flow violations 

III. Modelling of Facts Devices 

In this paper three facts devices are used for comparing the results these are thyristor controlled phase 
shifting transformers (TCPST), thyristor controlled series compensators (TCSC) and static 
synchronous series compensators (SSSC). Modelling of these devices is given in the following 
sections. [20] 
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3.1 Modelling of TCPST 

TCPST can be modelled by a phase shifting transformer with control parameter <j). The power flow 
equations of the line can be derived as follows [15]& [17] 

p k =v k 2 G- v k v m [g c os {e k -e m -<i>)+B sin{e k - e m - </>)] 
Q k =-v k 2 B-v k v m [GsHe k -e m -<t>)-BCo(0 k -e m -</>)] 

p m =v m 2 G-v m v k [GCo{e m -e k -$)+BSiAe m -e h -*)] 

Q m =-v m 2 B-v m v k [GSir(e k -e m -t)+BCo{e k -e m -*)] 

The injected real and reactive power of TCPST at bus and bus are as follows. 
P*. = -V?G V tan^-V.V, tanfc SinS a -B a CosS kl ] 
P ls = -V k V, tan AG kl Sin8 kl + B kl CosS kl ] 



(6) 

(7) 
(8) 
(9) 

(10) 
(11) 



3.2 Modelling of TCSC 

It was derived by examining the voltages and currents in the TCSC circuit under the full range of 
operating conditions. The basic equation is, 



^TCSC ~ K T csc """ J-X- TCSC 



_Yjcsc 



l TCSC 



(12) 



Where, V TCSC is the fundamental frequency voltage across the TCSC module, 



l TCSC 



is the fundamental frequency line current and Z TCSC is the TCSC impedance 



Effective TCSC reactance X TCSC with respect to alpha is, 
x tcsc ( a ) = ~ x c + c i (2{x -a) + Sin(2(;r - a))) - 
C 2 Cos 2 {n - a)(aitan(co(7r - a))) - tan(;r - a)) 



(13) 



3.3 Modelling of SSSC 

The SSSC OPF model presented in this section enables very flexible and reliable power system 
optimization studies to be carried out. The flexibility stems from the generality of the SSSC model 
and the robustness from the strong convergence exhibited by the OPF solution using Newton's 
method. The SSSC model may be set to control active powers as well as nodal voltage magnitude, at 
either the sending or the receiving end bus. The mathematical modelling will be obtained from [8] and 
that was taken as a reference and implemented in the OPF by using the Lagrangian multiplier concept. 
A SSSC [9] [10] usually consists of a coupling transformer, an inverter and a capacitor. As shown in 
Fig. 1 the SSSC is series connected with a transmission line through the coupling transformer. 

Bus i Vse Bus j 



li 



Vi 



UHSLT 



Delink 




Ij 



Fig. 1 SSSC basic operating model 



It is assumed here that the transmission line is series connected via the SSSC bus j. The active and 
reactive power flows of the SSSC branch i-j entering the bus j are equal to the sending end active and 
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reactive power flows of the transmission line, respectively. In principle, the SSSC can generate and 
insert a series voltage, which can be regulated to change the impedance (more precisely reactance) of 
the transmission line. In this way, the power flow of the transmission line or the voltage of the bus, 
which the SSSC is connected with, can be controlled. 

An equivalent circuit of the SSSC as shown in Fig. 1 can be derived based on the operation principle 
of the SSSC. In the equivalent, the SSSC is represented by a voltage source V 5e in series with 

transformer impedance. In the practical operation of the SSSC, V se can be regulated to control the 

power flow of line i — j or the voltage at bus /or j [11]. 

In the equivalent circuit, V se =V se Z.0 se ,V i =V i Z.0 i ,V se =VjZ.0 j then the bus power flow 

constraints of the SSSC are, 

Pa =y-Su -VyjigyCOsOy +b ij sm0 ij )-V i V se ( 8ij cos{0 i -ej+b^sm^ -6 se )) (14) 

Qy =-V i % i -Vyfa sin^ -by cos6y)-Vy se ( gij sin(3 -Oj-by cosfe. -Oj) (15) 

P ji = V ?Sjj -VyMa cos0 ji +b u ^jihVjVseigy ™fPj -0j+b„ M*j -Ojl (16) 
Qfi = ~ V } b jj -Wig* sin ^ -h cosflJ+V^fe, sin(l, -e„)-b v cos(^. -ej (17) 
where, 

Su + A = — ' 8a = 8ij At = b ij » 8jj = 8ip b jj = b y The operating constraint of the SSSC (active 

7 

power exchange via the DC link) is, 

PE = Re(vj;) = (18) 

where, 
Re{V se Iji) = ViV S e(dij cos(6i - d se ) - bij sin(0j - 9 se j)VjV se {gij sin(6» y - 6 se ) - b tJ cos(0 ; - - 

Ose)) (19) 

Bus I Zse Vse Bus j 

w* fc 1 1 1 ^ 




IV. 



Fig. 2 SSSC Equivalent circuit 

OPF Formulation with SSSC Lagrangian Function 



Based on the above equation the Lagrangian function for the SSSC may be written as, 

L{x,X)=f{p g )+Xh(p g ,v,e,s cr ,v cr ) (20) 

In this expression, f\P g ) is the objective function to be optimized h[P ,V,0,V CR ,S CR ); represents 
the power flow equations; x is the vector of state variables; A is the vector of Lagrange multipliers for 
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equality constraints; and P g ,V and #are the active power generation, voltage magnitude, and 
voltage phase angle, respectively. The SSSC control variables are£ Ci? andy ci? . The inequality 
constraints g\P g ,V,0,V CR ,S CR )< are not shown in Eqn. (3.81) because it is added only to l(x,A) 

when there are variables outside limits. [19] 

The Lagrangian function, L k (x,X) corresponding to the power flow mismatch equations at buses k 

and m, is given by the following equation, 

L km (x,A) = A p k{Pk + Pdk ~ Pgk) + ^qk\Qk + Qdk ~ Qgk) + ^pmVrn + ^dm ~ Pgm) + 
*qm(Qm + Qdm ~ Qgm) (21) 

In this expression P dk 9 P dm 9 Q dk and Q dm are the active and reactive power loads at buses k and m; 
Pgk>Pgm>Q g k an d Q gm are the scheduled active power generations at buses k and m; and 
X pk , X pm , X qk and X qm are Lagrange multipliers at buses k and m. The vector of state variables x is 
\V S\ i where V and ^ include both nodal voltages and SSSC voltage sources. 

4.1 SSSC Power Flow Constraints 

The power injected at bus m by the SSSC can be formulated as a power flow constraint in the branch 
connecting buses m and / . We may write 

^ml \ X ^)~ ^pml Vml ~ "specified /"•" \ ml V^ml ~ & specified ) v^2) 

Where, X Pml is the Lagrange multiplier associated with the active power injection at bus m; and 

^specified ^ S ^e specified active power leaving bus m. 

In conventional OPF formulations, such constraints are enforced only if power flow limits have been 
exceeded. However, in this particular application this constraint may remain active throughout the 
iterative solution [12]. The SSSC Lagrangian function comprising the individual contributions 
presented above is as follows 

L sssc {x,X) = L km (x,/t)+ L se {x,X)+L ml {x,X) (23) 

4.2 Optimal setting of SSSC Parameters 

Basically, the SSSC has one voltage source inverter (VSI) having a dc storage capacitor. It is 
connected to the system through a coupling transformer. In this study, the series compensation 

&U FACTS = AU SSSC is employed [12]. 

The injected currents at bus /and bus j can be expressed as follows, 

AC/ 



A/,,, CTd 



Z 9 (24) 



= _MJ_ 

j,send 



Z l} (25) 

The cost function for SSSC can be expressed as follows, 

C sssc =0.0015/ -0.5130^ + 133.15 $/hr (26) 

where, C sssc is the cost function of the SSSC in $/hr and V is the operating range of the FACTS 
devices in MVAr. 

V. Severity of over Loadability index (SOL) Computation 

The location of the FACTS devices in this work is decided based on the severity of the overloading of 

that particular branch in which the device is incorporated. The process of ranking the branches based 

on their load ability in the order of their severity involves the following steps. 

Stepl: Establish the criterion to be considered in formulating the ranking 

Step2: For the criterion established in (Step 1), define a scalar mathematical function which has a 
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large value of branch load that which stress the system relative to that criterion, and a small value for 
those which do not; this function is called a "SOL index." 

The SOL index is such that contingencies resulting in system conditions yielding large valued over 
load indices are considered more severe than system conditions with smaller over load indices [16]. In 
the overload ranker, the SOL index is defined as, 

x 2 

(27) 



SOL = J 

\ " z,m ax y 
where, 
P is the real power flow in line "/", 

P max is the maximum of active power transfer over the i th line and 
'^' is the set of monitored lines contributing to SOL. 
5.1 Calculation of SOL for IEEE 5 Bus system 

Table 1: SOL index of all buses by running the general OPF for IEEE 5 bus system 



Bus No. /Node 
No. 


SOL index of 
each bus 


Ranking 


[3] 


0.5S12 


1 


[4] 


0.5310 


2 


[5] 


0.3285 


3 



As compared the above SOL-indices for the IEEE 5 bus system among the 3 load buses (3, 4, 5) the 
bus 3 is having the maximum SOL index, it is considered to be the critical bus. Hence line indices will 
provide accurate information with regard to the stability condition of the lines. 
5.2 Calculation of SOL for IEEE 30 Bus system 

Table 2: SOL-indices by running the general OPF of maximum loaded buses in IEEE 30 bus system 



[Branch 

N u mb er 


SOL indices 

of different 
branches 


Ranking 


[30] 


0.7776 


2 


[24] 


0.5672 


4 


[29] 


0.SS73 


1 


[28] 


0.7486 


3 


[26] 


0.5491 


5 

- 



As we considered the SOL-index table of the IEEE 30 bus system there will be the 5 load buses (24, 
26, 28, 29, 30) with the bus (29) is having the maximum load ability, it is considered to be the critical 
bus. The branch connected to that particular weakest or critical bus will be the optimal location for the 
FACTS device to be placed. Hence the branch [13]-[14] is chosen to be the optimal location in the 
IEEE 30 bus case. 

VI. Simulation Results 

The proposed methodology of active power optimal power flow of series FACTS devices as TCPST, 
TCSC and SSSC for transmission network is implemented using MATLAB on the two test systems 
viz., IEEE 5-bus and IEEE-30-bus test systems. The cost constants and their typical values for this 
problem are energy cost (a=60 Rs/hr, b=200 Rs/MW/hr, c=140 Rs/ ^/^2/hr). The payback period 

assumed is five years with depreciation factor (pc) as 0.1. 

6.1 Optimal power flow for IEEE 5 bus system without and with FACTS devices 

The 5-bus test system used to illustrate the use of the conventional power flow Newton- Raphson 
method and is also used to illustrate the use of the OPF and associated data. The maximum and 
minimum voltage magnitude limits at all buses are taken to be 0.9p.u. and 1.1 p.u., respectively, 
except at bus 1 (Slack bus), where the maximum limit is set at 1.5 p.u. 
The cost coefficients of the two generating buses are taken to be 

a = 2700 RslMw 2 Ihr 

b = 153 RslMwIhr and, 

c = 0.18rs/hr . 
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The maximum and minimum generator active power limits are set at 200Mw andlOMw, respectively, 
whereas the maximum and minimum reactive power limits are set at 300MVAR and -300MVAR, 
respectively. 

Table 3 Comparison of QPF solution without and with FACTS devices for IEEE 5 bus system 



Without device 


TCPST 


TCSC 


SSSC 


VWp.u. 


V ia j?.u. 


VfcswP.U. 


VfcswP.U. 


1.060 


1.06 


1.060 


1.060 


1.100 


1.012 


1.035 


1.049 


1.078 


1.028 


1.042 


1.048 


1.077 


1.027 


1.028 


1.036 


1.072 


1.020 


1.032 


1.049 




1.009 


1.018 


1.027 



Table 4 Comparison of Active power and Active power generation cost of different cases for IEEE 5 bus 

system 



Case type 


Pi™ (MW) 


Pcfiwaie (Rs/hr) 


Without device 


3.55 


34,046 


TCPST 


3.45 


33,874 


TCSC 


3.41 


33,558 


SSSC 


3.21 


33,366 




3 3.5 

No. of Buses 



4.5 5 5.5 



Fig.3 Comparison of without devices and with TCPST, TCSC and SSSC voltages magnitudes at each bus 
in IEEE 5 Bus system 



E: 



S3 

t 



k^«±^i 





l^zsz I 




^N o of test cases 



Fig.4 Comparison of Active power loss and % of P , pjJ without and with FACTS devices 
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6.2 Optimal power flow for IEEE 30 bus system without and with FACTS devices 

The IEEE 30-bus test system is used to study the impact of the FACTS devices on the network. The 
optimal location will be analyzed by using the SOL index from the Table 2 and then FACTS devices 
are added in series with transmission line (28-29), and the dummy bus (31) is added to enable such a 
connection to take place. 

As compared the voltage magnitudes without and with FACTS devices the voltage profile of the 
SSSC is improved slightly when compared with TCPST and TCSC, for both the IEEE Test systems. 
By comparing the SOL-index under normal situation the optimal location of the FACTS device is 
decided. Hence for the IEEE 30 Bus system (28-29) is the optimally decided branches for the FACTS 
devices to be incorporated in the electrical power system. 



Table 5 The active power and reactive power of different buses for IEEE 30 bus system 


Case type 


Active power loss (MW) 


Reactive power loss (MVAr) 


Without Device 


18.58 


52.73 


With TCPST 


18.49 


46.41 


With TCSC 


18.37 


49.23 


With SSSC 


18.02 


42.45 



Table 6 The initial and final costs of active power generation at different buses 



Case type 


IEEE 5 bus system 


IEEE 30 bus system 


p 

1 Cera, initial tosi 

(Rs/hr) 


p 

1 Gera, final test 

(Rs/hr) 


p 

1 Gera, initial tosi 

(Rs/hr) 


p 

1 Cera, final tost 

(Rs/hr) 


Without Device 


35,000 


34,046 


36,900 


36,765 


With TCPST 


35,000 


33,874 


36,900 


35,325 


With TCSC 


35,000 


33,558 


36,900 


33,795 


With SSSC 


35,000 


33,366 


36,900 


33,075 


Furthermore, wi 


ith SSSC the gent 


oration cost is rec 


uced to 680 Rs A 


hr in 5 bus systerr 



3825 Rs/hrin 30 bus system respectively when compared to TCPST , TCSC and with the base case i.e. 
4.66% reduction in the active power generation cost compared to (2.76% , 3.25% and 4.12% for the 
without FACTS ,with TCPST and TCSC respectively). 

Table 7 Comparison of Total Active power generation costs in both the test cases 



Case Type 
device 


IEEE 5 bus system 


IEEE 30 bus system 


ffnijftM (MW) 


J'pjiWHwWflt-si (Rs/hr) 


* wss.T;[s: 

(MW) 


^EjwwWrt-iii (Rs/hr) 


Without device 


3.55 


34,046 


18.58 


36,765 


TCPST 


3.45 


33,874 


18.49 


35,325 


TCSC 


3.41 


33,558 


18.37 


33,795 


SSSC 


3.21 


33,366 


18.02 


33,075 




No. of Buses 

Fig. 5 Comparison of without and with TCPST, TCSC and SSSC voltages at different buses in IEEE 30 Bus 
system 
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Ts. o of test cases 



Fig. 6 Comparison of Active power generation cost (Pgi, cost) in case of without device & with 
TCPST, TCSC and SSSC at different buses in IEEE 30 Bus system 

Table 8 Comparison of the costs of different FACTS devices in IEEE 5 bus & IEEE 30 bus system 



Type of Device 


Cost of the FACTS devices [(Rs/hr) for TCSC & SSSC & (Rs) for TCPST] 


IEEE 5 bus system 


IEEE 30 bus system 


TCPST 


1,86,075 Rs 


3,66,075 Rs 


TCSC 


6,938.99 Rs/hr 


17,600 Rs/hr 


SSSC 


5,952.47 Rs/hr 


13,452 Rs/hr 



From Tables (3) and (6) it was clear that the SSSC is improving the overall system performance in 
both the IEEE test systems when compared with the TCPST, TCSC and base cases. Being having the 
separate DC link for the SSSC it is capable of generating the reactive power without any external 
source and hence capable of controlling the reactive power flow of the system like UPFC, instead of 
controlling only active power as TCSC. The Table 5.18 will gives the costs of the FACTS devices 
among which the SSSC is possessing the less cost comparable to the other devices. Hence it was 
concluded that the SSSC is more suitable for the power flow control and optimizing techniques. 

VII. Conclusions 

Simulation studies using MATLAB programming code, on IEEE 5 and IEEE 30 bus system are 
presented to illustrate the methodology and to demonstrate the benefit of the proposed approachln this 
paper the optimal power flow analysis with the inclusion of TCPST, TCSC and SSSC has been done. 
Newton-Raphson method used in polar co-ordinate form is effectively applied to solve the Optimal 
power flow equations of IEEE 5-Bus & IEEE 30-Bus systems which differ from each other in size & 
degree of operational complexity. 

Themodeling of Series FACTS devices are incorporated into an existing Newton-Raphson load flow 
algorithm, which is capable of solving large power networks very reliably. It shows that Series 
FACTS environment can be set to control active power, active power loss and voltage magnitude 
simultaneously. The Severity of Overloading index is used to find location of the series FACTS 
devices that they are used in the network. 

The proposed algorithms were implemented to find out the proper setting and installation cost of the 
TCPST, TCSC and SSSC in IEEE-5 bus & IEEE-30 bus test systems. By comparing the results, it is 
observed that SSSC is more effective than TCSC and TCPST in terms of voltage regulation, power 
loss reduction, minimization of active power generation cost and improving the active power flow. 
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Abstract 

Further to our own studies carried out previously on the application of the bond graph approach on antennas 
based on localized elements, we tried in the continuation of our research to devote our studies on the antennas 
based on distributed elements. For that purpose, we have chooses as first departure, a patch antenna of which 
we want to find its scattering parameters by our own and new methodology. So we can say that in this paper, we 
propose a new methodology to study a patch antenna by applying the bond graph approach and the scattering 
formalism. This study permits us on the one hand to determine and to simulate the scattering parameters 
(reflexion and transmission coefficients S n , S 12 , S 2 i and S 22 ) of a patch antenna and on the other hand to 
modelling the incident and reflected wave propagation for all the points of this antenna by the bond graph 
approach. 

KEYWORDS' Patch Antenna, Scattering Matrix, Electrical Model, Microstrip Line, Scattering Parameters, 
Scattering Bond Graph & Simulation. 

I. Introduction 

The microstrip patch antenna [4] is used in many applications in the communication systems [3] 
because of their ease of fabrication, low-profile, low cost and small size. In the setting of this article, 
we look to conceive and to use a simple and precise electrical model of square patch keeping in mind 
all the electric and geometric characteristics of elements radiating and of their feedings [3,4]. For that 
we will use our new methodology called "Scattering Bond Graph Modelling" [11,12] which combine 
on the same time the Scattering Formalism [11] and the Bond Graph Approach [21] witch is a graphic 
language unified for all the fields of the engineering and confirmed like a structured approach with the 
modelling and simulation of many systems. The purpose of this paper is to present and apply this new 
methodology to extract the scattering parameters of our studied system (patch antenna) while basing 
on its causal and reduced bond graph model [21]. 

At first, and after having to determine and simulate the scattering matrix of the studied antenna from 
its electrical model, we propose to use the causal bond graph model of this patch antenna [13] to find, 
on one hand, the integro-differentials operators [6] which is based on the causal ways and loops 
present in the bond graph model and, on the other hand, to extract the wave matrix [8] from these 
operators. 

Then, we extract directly the scattering parameters [11] from the found wave matrix [8] and, at the 
aim to validate the found results; we make a comparison by the simulation of these scattering 
parameters with a simple program and the classic techniques of conception and simulation of the 
microwave circuits [20]. 
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Finally, we will propose in our future work, to build a particular type of bond graph model which is 
able to highlight these transmission and reflection coefficients (Scattering parameters) [1]. 

II. Determination of the Scattering Matrix from the Patch 

Antenna 

At this part, we will determine the reflected and the transmission coefficients (Sn, Si 2 , S 2 i and S22) of 
this proposed antenna [3,19] after a small explication of this patch and by a joint use of the scattering 
formalism and the bond graph approach and so we will indicate the biggest application of this new 
methodology (Scattering bond graph). 

2.1. Design of the Square Antenna 

The figure 1 represents the geometry of a square micro-strip patch on a dielectric substrate with a 
ground plane. The antenna is mounted on a substrate material with a thickness of H = 3.2mm and it 
has an edge of W = 36mm , a relative permittivity: £ r = 2.6 and loss tangent: tan (S) = 0.002 . The 
dimension 'W of square edge is calculated using the following equation [19]. 

w= \j^r (1) 

< > 



Source 



Substrate 



H 




Ground plane 



Figurel. Square patch antenna 

2.2. Determination of the parameters of the antenna 

At first, we are going to calculate the frequency of resonance f r , and the total quality factor Q T , in 
following we will deduct the other parameters from the following equation [7, 9]. 



(e«W 2 ) 



-cos 



7tX { 

W 



c = 

m 

C: capacitance 

X • The distance of the feed point from the edge of the patch. 

W: length of the square 

H: thickness of dielectric 

The resonant resistance R is calculate using the following equations. 

R ~ & 



(2) 



w r C 

f 



Qt 



1 1 1 



(3) 



(4) 



Q R : Radiation quality factor. 
Q c : Losses in the conductor. 
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Q D : Losses in the dielectric. 
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(5) 
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(7) 

(8) 
(9) 



Z a : Is the impedance of an air filled microstrip line. 
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tan ( S) : is the tangent of loss in the dielectric and it given by the following equation. 
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The effective dielectric constant of a microstrip line is given bellow [10]: 



(10) 
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F = — 1 



1 + 12 
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The inductance L is given by the following equation: 

w = 27tf 

res J r 



(17) 

(18) 
(19) 



2.3. Electrical model of the square patch antenna 

The structure can be modelled as an RLC resonant circuit [7]. The model parameters are calculated 
using the formulas developed in section 1. The patch is exited by a transmission line and the 
dimension is determined to resonate frequency equal 2.45GHz. 
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Figure2. Electrical model of the square patch antenna 

2.4. Simulation results of scattering parameters 

The tradition tools for simulation of the scattering parameters under HD-ADS software [13] as figure 
3 refer to, visualize the coefficients of reflection. 
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Figure3. Square patch antenna, under HP- ADS 
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Figure4. Reflection coefficient (Sn) simulated of square patch antenna under HP- ADS 

Scattering Parameters of the Square Patch Antenna 
Exploited from its Bond Graph Model 



In this part we propose to determine the scattering parameters [12] of the patch antenna from its 
transformed and reduced bond graph model [13] without forgetting to pay attention to causality 
assignment. 

3.1. Relation between bond graph model and wave scattering matrix 

We can represent every physical system by a quadripole inserted between two ports Pi and P 2 who 
respectively represent the source and the load of all the system [5]. This system can be represented by 
a generalized bond graph model transformed and reduced as figure 5 indicates it [17, 18]. 



Portl 



Process 



<Pi 



% 



Port 2 



Figure5. General transformed and reduced bond graph model 

• 8i and £ 2 are respectively the reduced variable (effort) at the entry and the exit of the system. 

• (pi and cp 2 are respectively the reduced variable (flow) at the entry and the exit of the system. 

The causality assignment to the reduced bond graph model of figure 5 enables us to notice that there 
are four different cases of causality assignment in input-output of the process [14, 15]. 

3.1.1. Case 1: Flow-Effort Causality 
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-7 
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Figure6. Reduced bond graph model with flow-effort causality 
From this type of assignment causality we can deduce the following matrix. 
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9i. 



."21 ^22. 



<Pl 



(20) 



3.1.2. Case 2; Effort-Flow Causality 
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Figure7. Reduced bond graph model with effort -flow causality 



From this type of assignment causality we can deduce the following matrix. 
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3.1.3. Case 3: Flow-Flow Causality 

Si 

Port l| 7 
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£2 
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Figure8. Reduced bond graph model with flow -flow causality 



From this type of assignment causality we can deduce the following matrix. 



H n H n 
M 21 H 22 






(22) 



3.1.4. Case4: Effort-Effort Causality 
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Figure9.Reduced bond graph model with effort -effort causality 



From this type of assignment causality we can deduce the following matrix. 






H u H 

M 21 H 



12 



22. 



(23) 



We can note that 



H = 



M 2l M 22 ^ 



(24) 



Hy represent the integro-differentials operators associated to the causal ways connecting the port Pj to 
the port Pi and obtained by the general form given below [16, 17]. 



n T A 

*=i A 



(25) 
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A=i-Z3 +TRBj -IfiBfr +...+(-i) m Z.. 



(26) 



A= the determinant of the causal bond graph 
Hip complete gain between Pj and Pi. 
Pi= input port. 
Pp output port. 

n= total number of forward path between Pi and Pj 
T k = gain of the k th forward path between Pi and Pj 
Bi= loop gain of each causal algebraic loop in the bond graph model. 
BiBj= product of loop gains of any tow non-touching loops (no common causal bond). 
BiBjB k = product of the loop gains of any three pairwise nontouching loops. 

A k = the factor value of A for the k th forward path, this value calculates himself as A when one only 
keeps the causal loops without touching the k th chain of action. 



We noted that: 
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These are reduced voltage and current. 
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By using the preceding equations; we can find for each case of causality one wave matrix. 



W=- 



2^ 






(31) 



(32) 



W=- 



2# 21 



\-H n +H 22 -m \-H n -H 22 +m 

\+H n +H 22 +m l+H n -H 22 -M 



(33) 



W=- 



2ft 



'21 



\-H n +H 22 -m -\+H n +H 22 -m 



(34) 



w=- 



2tf 21 



-i+H n -H 22 +m i-H u -H 22 +m 
-i-ii-H^-m i-H u +H 22 -m_ 



(35) 



With: 

AH = H^^H 22 ~ ^12^21 



(36) 



The following scattering matrix gives us the scattering parameters [15, 16] [17]: 
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(37) 



The relation between equations and gives us the following equations: 



w ll -^22^21 
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(38) 



The corresponding scattering matrix [16, 17] is given by: 



S T = 



W \2 W 22 [w ll w 22- w 21 w 12 ]w 22 



w 22 



- W 2\ w 2 \ 



3.2. Application to the square patch antenna 

The bond graph model of the square is giving bellow: 
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FigurelO. Reduced and causal bond graph model of the square patch antenna 
• z f : The reduced equivalent impedance of the feeding line. 



y p : The reduced equivalent admittance of the patch. 
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(40) 
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Where: 



_A 



Rn 



(42) 
(43) 



s: The Laplace operator and R : the scaling resistance. 

The sub-model is in conformity with case (2) described previously. 

L[ = : Loop gain of the algebraic given by sub-model. 

z f y P 

Aj = 1 H : Determinant of causal bond graph of the model. 

z f y P 

The following equations represent the integro-differentials [17, 18] operators of the model. 
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From these operators, we can determine the following scattering parameters: 
■z f + y p +l 



Sn 
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D(s) 

= 2z /y P 
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3.3. Simulation Results of the Scattering Parameters 

To determine the coefficient of reflection, represented by the figure 10 we used the simple 
programming and simulation of the scattering parameters equations [15, 16]. 
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FigurelO. Reflection coefficient simulated of square patch antenna using bond graph 

The purpose of this simulation is to validate this new extraction method of scattering parameters from 
a causal bond graph model of a patch antenna we note that it is always necessary taking account of 
causality concept in order to get the right results as opposed to the work carried out by [13] [15] 
where the causality concept was ignored. 

The simulation given by figure 6 is carried out in the maple software, this figure show the reflection 
coefficient of the patch antenna that is the same coefficient carried out in the HP-ADS software. We 
can see that the two results are similar. For the traditional method in microwaves and this new method 
using bond graph the reflection coefficient have the same resonant frequency and the same gain but 
with a little difference in Band width because of the difference between calculated and simulated 



482 



Vol. 2, Issue 1, pp. 474-484 



International Journal of Advances in Engineering & Technology, Jan 2012. 

©IJAET ISSN: 2231-1963 

losses. The figure 6 presents a resonant frequency equal to 2.45 GHz, a gain equal 6.4dB and a bond 
width about 50MHz, in the figure 4 a bond width about 78MHz [16, 17, 18]. 

IV. Conclusions 

In this article, we showed a simple method to determinate the scattering parameters of the patch 
antenna. We validated the results by a simple comparison between the traditional methods used in 
microwaves under HP-ADS software and simulation by the methods of the reduced and causal bond 
graph. Now we can apply this technique to a network of antennas and to all microwaves circuits. 
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Abstract 

Design is an accurate representation of the specification and is carried out at each step of the manufacturing 
process. The process of verification parallels the design creation process. Verification shows the correctness of 
the design, makes sure about no bugs in the design and its functionality. The important part of verification 
process is coverage analysis; it gives idea that to what degree the source code of the DUT has been tested. Code 
coverage measures how thoroughly our tests exercised the "implementation " of the design specification, and 
not the verification plan. Functional Coverage is User specified and not automatic like code coverage. It is 
based on design specification/intent and not on implementation. Avalon interfaces are used to easily connect 
components in an FPGA in order to simplify system design. It defines the various Interfaces roles which are 
used in both high-speed streaming and memory-mapped applications. The Avalon bus is a simple bus 
architecture which makes the connection between on-chip processors and peripherals together into a SOPC. It 
is an interface that specifies the port connections between master and slave components, and also specifies the 
timing by which these components communicate. The Avalon Interrupt Interface is one of the roles of Avalon 
Interface, which allows the components to signal the events to other components. In this paper, code coverage 
analysis in design is concluded using QuestaSim simulator and functional coverage analysis in verification is 
concluded using Riviera simulator.. 

/KEYWORDS,' Avalon Interrupt Interface, SystemVerilog, System- on-a-Programmable Chip (SOPC), DUT 
(Design Under Test), Code Coverage, Functional Coverage, VMM (Verification methodological manual), IP 
(Intellectual Property), VIP (Verification Intellectual Property) 

I. Introduction 

Avalon interface bus is ALTERA' s standard interface bus used in SOPC Builder, through which all 
Avalon compatible cores can easily communicate. SOPC Builder is a powerful system development 
tool. It enables us to define and generate a complete SOPC in much less time than using traditional, 
manual integration methods. The Avalon interface family defines interfaces for streaming high-speed 
data, reading and writing registers and memory, and controlling off-chip devices. These standard 
interfaces are designed into the components available in Qsys. We can also use these standardized 
interfaces in our custom components. By using these standard interfaces, we enhance the 
interoperability of our designs [1]. Avalon Interrupt Interface is one of the interface roles of Avalon 
Interface which allows components to signal events to other components. The Avalon interface 
defines a set of signal types, the behavior of these signals, and the types of transfers supported by 
these signals [2]. In this paper, coverage analysis is done for the design and verification of the Avalon 
Interrupt Interface. 

Coverage analysis is used to measure the effectiveness of verification implementation, a 
quantitative measurement of the testing space. This analysis states the depth to which the DUT source 
code has been tested. The goal of verification is to ensure that a design behaves correctly in its real 
environment [5]. The easiest way to measure verification progress is with code coverage. Here we 
measure how many lines of code have been executed (line coverage), which paths through the code 
and expressions have been executed (path coverage), which single-bit variables have had the values 
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or 1 (toggle coverage), and which states and transitions in a state machine have been visited (FSM 
coverage) [5]. Branch Coverage is one of the types of code coverage which reports the true or false of 
the conditions like if-else and case statement. Functional coverage is a measure of which design 
features have been exercised by the tests. Functional coverage is tied to the design intent and is 
sometimes called "specification coverage," while code coverage measures the design implementation 
[5]. In this paper, the verification analysis is done using VMM methodology. 

The VMM methodology facilitates the creation of robust, reusable and scalable verification 
environments using SystemVerilog. It is the most widely used and proven verification methodology 
for SystemVerilog [8] [9]. 

II. Features of Avalon Interrupt Interface 

Some of the prominent features of the Avalon Interface are [2]: 

• Separate Address, Data and Control Lines - Provides the simplest interface to on-chip 
logic. By using dedicated address and data paths, Avalon peripherals do not need to decode 
data and address cycles. 

• Up to 128-bit Data Width - Supports data paths up to 128 bits. The Avalon interface 
supports data widths that are not an even power of two. 

• Synchronous Operation - Provides an interface optimized for synchronous, on-chip 
peripherals. Synchronous operation simplifies the timing behaviour of the Avalon interface, 
and facilitates integration with high-speed peripherals. 

• Dynamic Bus Sizing - Handles the details of transferring data between peripherals with 
different data widths. Avalon peripherals with differing data widths can interface easily with 
no special design considerations. 

• Simplicity - Provides an easy-to-understand interface protocol with a short learning curve. 

• Low resource utilization - Provides an interface architecture that conserves on-chip logic 
resources. 

• High performance - Provides performance up to one-transfer-per-clock. 

III. Avalon Interrupt Interface 

Avalon Interrupt interfaces allow slave components to signal events to master components. For 
example, a DMA controller can interrupt a processor when it has completed a DMA transfer [1]. 
It has two categories: 

3.1 Interrupt Sender 

An interrupt sender drives a single interrupt signal to an interrupt receiver. The timing of the irq signal 
must be synchronous to the rising edge of its associated clock, but has no relationship to any transfer 
on any other interface, irq must be asserted until the interrupt has been acknowledged on the 
associated Avalon-MM (Memory Mapped) slave interface. The interrupt receiver typically determines 
how to respond to the event by reading an interrupt status register from an Avalon-MM slave 
interface. The mechanism used to acknowledge an interrupt is component specific [1]. 

3.2 Interrupt Receiver 

An interrupt receiver interface receives interrupts from interrupt sender interfaces. Components with 
an Avalon-MM master interface can include an interrupt receiver to detect interrupts asserted by slave 
components with interrupt sender interfaces. The interrupt receiver accepts interrupt requests from 
each interrupt sender as a separate bit [1]. An interrupt receiver interface receives interrupts from 
interrupt sender interfaces. 

IV. Proposed Diagram of Avalon Interrupt Interface 

4.1 Individual Request 

The interrupt receiver expects to see each interrupt request from each interrupt sender as a separate 
bit and is responsible for determining the relative priority of the interrupts. The Avalon Interrupt 
Interface with individual request is shown in Figure 1. 
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Figurel. Individual request diagram 
4.2 Top Level Block Diagram 



isr[l] 



isr[2] 



isr[3] 



isr[64] 



(0-63) 




Figure2. Top level Block diagram 
The block diagram of Avalon Interrupt Interface is shown in Figure 2. There can be maximum 64 
senders. 

4.3 Sender Block and Receiver Block 

The sender and receiver block of Avalon Interrupt Interface is shown in Figure 3 and Figure 4.The 
input and output pin description of sender and receiver block has been explained in Table 1. 



SENDER 




Figure 3. Sender block 



Figure 4. Receiver block 
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Table 1. Pin Description 



Input Pin Description of Sender 


INPUT 


Description 


elk 


Clock of 50 MHz 


rst 


Reset the program 


raise 


It is a single pulse signal 


ack 


Acknowledged signal from the Receiver 


Output Pin Description of Sender 


OUTPUT 


Description 


lrq 


Interrupt request 


Input Pin Description of Receiver 


INPUT 


Description 


elk 


Clock of 50 MHz 


rst 


Reset the program 


rx_en 


Enable signal for the Receiver 


Irq[63:0] 


Interrupt request 


Output Pin Description of Receiver 


OUTPUT 


Description 


Ack[63:0] 


Acknowledged signal 



4.3 State Diagram of Sender and Receiver Block 

The state diagram of Sender and Receiver block is shown in Figure 5 and Figure 6. 



nx free=0 



Ack=o/p 




lrq=l J bl 



rx free=l 




Figure 5.State diagram of Sender 



Figure 6.State diagram of Receiver 



V. DUT Waveform of Avalon Interrupt Interface 

To measure the coverage analysis of design, the code was compiled and then simulated by using 
Questasim simulator to get the output which is shown in Figure 7. 
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Figure 7. Simulated waveform of Avalon Interrupt Interface 

VI. Avalon DUT Code Coverage 

Coverage report gives the details of the Code coverage when complete Code analysis was done for the 
Avalon Interrupt Interface and coverage report as shown in Figure 8. It is found that Global code 
coverage is 97.10% and Branch coverage is 89.66%. 
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• Files: 5 

• Units: 6 

- Not Covered Units: 2 

• Global Code Coverage: 97.10% 

• Branch Coverage: 89.66% 

• Assertion Functional Coverage: no assertion 
■ Cover Functional Coverage: no cover 

• Used Subprograms: 

• Unused Subprograms: 
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Figure 8. Code coverage analysis 



VII. Simulation Result of Verification of Avalon Interrupt 
Interface 

A verification plan is developed to verify the Avalon Interrupt Interface in the VMM environment. 
The IP is taken as DUT and then it was interfaced with the VMM environment. The VMM 
environment is created by joining different components written in SystemVerilog coding and IP was 
written using Verilog coding. The VMM environment was connected to DUT and then compiled 
using Riviera simulator to get simulated result, which is shown in Figure 9 and Figure 10 in command 
form. 
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I Applications Places System ^j pc 



11:48 PM <& 



File Edit View Terminal Tabs Help 

# HDL, SystemC, and Assertions simulator, debugger, and design environment. 

# (c) 1995-2011 Aldec, Inc. All rights reserved, 
vsim +access +r tbtop 

# ELBREAD: Elaboration process. 

# ELBREAD: Elaboration time 0.1 [s] . 

# KERNEL: Main thread initiated. 

# KERNEL: Kernel process initialization phase. 

# KERNEL: Time resolution set to Ins. 

# ELAB2: Elaboration final pass... 

# ELAB2: Create instances ... 

# ELAB2: Create instances complete. 



# SLP: Started 

# SLP: Elaboration phase ... 

# SLP: Elaboration phase ... done : 0.1 [s 

# SLP: Generation phase ... 

# SLP: Generation phase ... done : Q.3 [s] 

# SLP: Finished : 0.4 [s] 

# SLP: primitives and 264 (99.62%) other 

# SLP: 492 (61.27%) signals in SLP and 40 

# ELAB2: Elaboration final pass complete - 



processes in SLP 
(4.98%) interface signals 
time: 0.5 [s] . 



time: 



# KERNEL: SLP loading done - time: 8.9 [s] . 

# KERNEL: SLP simulation initialization done 

# KERNEL: Kernel process initialization done. 

# Allocation: Simulator allocated 6104 kB (elbread=1927 elab2=4911 kernel=165 sdf-flj 

# KERNEL: ASDB file was created in location /home/student/sudhakar/sudhakarproj /avalontopsv/run/dataset . asdb 
run -all; 

# ACDB: Warning: You do not have a valid license to use Coverage Database, the collected data will not be saved. Contact Aldec for ordering information - sal 
esdaldec.com. 

# KERNEL: No of Transaction : 24 
New transaction generated at time 5 

Transaction taken from Gen mailbox at time 5 isr: 7553622682465685951 Kind:RST,No of Reset Cycles:13 
Reset signal asserted at time 5 
New transaction generated at time 105 
New transaction generated at time 205 
New transaction generated at time 3Q5 
New transaction generated at time 4Q5 

# KERNEL: New transaction generated at time 5Q5 

# KERNEL: New transaction generated at time 695 

# KERNEL: New transaction generated at time 795 

# KERNEL: New transaction generated at time 805 
New transaction generated at time 905 
New transaction generated at time 1005 
New transaction generated at time 1105 
New transaction generated at time 1205 
New transaction generated at time 1305 
Reset signal deasserted at time 1350 

Transaction taken from Gen mailbox at time 1350 isr: 11557686939964784780 Kind:BUSY,No of Reset Cycles 
New transaction generated at time 1405 
New transaction generated at time 1505 
Master busy to serve the interrupt of slave: 11557686939964784780 



# KERNEL 

# KERNEL 

# KERNEL 

# KERNEL 

# KERNEL 

# KERNEL 

# KERNEL 



# KERNEL 

# KERNEL 

# KERNEL 

# KERNEL 

# KERNEL 

# KERNEL 

# KERNEL 

# KERNEL 

# KERNEL 

# KERNEL 

a- 



Terminal 



/sudhakar/sudhakar_proj/avalon_topsv/run) - GVIM] 



Figure 9. Simulated results of Verification of Avalon interrupt Interface 
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New transaction generated at time 1605 



# KERNEL 

# KERNEL 

# KERNEL 

# KERNEL 

# KERNEL 

# KERNEL 

# KERNEL 

# KERNEL 

# KERNEL 

# KERNEL 

# KERNEL 

# KERNEL 

# KERNEL 

# KERNEL 

# KERNEL 

# KERNEL 

# KERNEL 

# KERNEL 

# KERNEL 

# KERNEL 

# KERNEL 

# KERNEL 

# KERNEL 

# KERNEL 

# KERNEL 

# KERNEL 

# KERNEL 

# KERNEL 
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# KERNEL 

# KERNEL 
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# KERNEL 

# KERNEL 

# KERNEL 

# KERNEL 

# KERNEL 

# KERNEL 

# KERNEL 

# KERNEL 

# KERNEL 

# KERNEL 

# KERNEL 

# KERNEL 

# KERNEL 

# KERNEL 

# KERNEL 

# KERNEL 

# KERNEL 



Transaction in Monitor mailbox at time 1650 isr : 11557686939964784780 Kind: BUSY irq : 11557686939964784780 

Transaction taken from Gen mailbox at time 1650 isr: 15404311142490517894 Kind :BUSY , No of Reset Cycles: 

New transaction generated at time 1705 

i= 

Transaction in Monitor mailbox at time 175B isr : 11557686939964784780 Kind: BUSY irq : 11557686939964784780 

New transaction generated at time 1805 

i= 

Transaction in Monitor mailbox at time 1850 isr : 15404311142490517894 Kind: BUSY irq : 11557686939964784780 

Master busy to serve the interrupt of slave: 15404311142490517894 

New transaction generated at time 1905 

i= 

Transaction in Monitor mailbox at time 1950 isr : 15404311142490517894 Kind:BUSY irq : 17719200938213634446 

Transaction taken from Gen mailbox at time 1950 isr: 14856638470726914625 Kind:FREE,No of Reset Cycles: 12 

New transaction generated at time 2005 

i= 

Transaction in Monitor mailbox at time 2050 isr : 15404311142490517894 Kind: BUSY irq : 17719200938213634446 

Master ready to serve the interrupt of slave: 15404311142490517894 2050 

New transaction generated at time 2105 

i= 

Transaction in Monitor mailbox at time 2150 isr : 14856638470726014625 Kind: FREE irq : 17719200938213634446 

Error 2150 

New transaction generated at time 2205 



Kind: FREE irq : 18442099736560269231 



Transaction in Monitor mailbox at time 2250 isr: 

No Error 2250 

Transaction taken from Gen mailbox at time 2250 isr: 11757234584909716511 Kind:BUSY,No of Reset Cycles: 

New transaction generated at time 2305 



Kind: FREE irq : 18442099736560269231 



Transaction in Monitor mailbox at time 2350 isr: 

No Error 2350 

New transaction generated at time 2405 

i= 

Transaction in Monitor mailbox at time 2450 isr : 11757234584909716511 Kind: BUSY irq : 18442099736560269231 

Master busy to serve the interrupt of slave: 11757234584909716511 

New transaction generated at time 2505 



11757234584909716511 Killd:BUSY irq : 18442099736593825727 
isr: 1792572808817417835 Kind:BUSY,No of Reset Cycles: 1 



Transaction in Monitor mailbox at time 2550 isr 

Transaction taken from Gen mailbox at time 2550 

New transaction generated at time 2605 

i= 

Transaction in Monitor mailbox at time 2650 isr : 11757234584909716511 Kind: BUSY irq : 18442099736593825727 

New transaction generated at time 2705 

i= 

Transaction in Monitor mailbox at time 2750 isr: 1792572808817417835 Kind: BUSY irq : 18442099736593825727 

Master busy to serve the interrupt of slave: 1792572808817417835 

New transaction generated at time 2805 



SD 



action in Monitor mailbox at time 2850 



1792572808817417835 Kind: BUSY irq : 18442099736593825791 



ja 



[Makefile (~/sudhakar/sudhakarj3roj/avalon_topsv/run) - GVIM] 
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Figure 10. Simulated results of Verification of Avalon interrupt Interface 
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Figure 11. Coverage results of Verification of Avalon interrupt Interface 

The Coverage Report gives the details of the functional coverage when complete analysis was done 
for the DUT and generated coverage report is shown in Figure 6. It is found that the coverage is 100%. 



IX. Conclusion 

The VMM Standard Library provides the foundation base classes for building advanced testbenches, 
while VMM Application provide higher level function for improved productivity. In this paper 
Avalon Interrupt Interface IP and VMM complaint VIP is developed. The IP was subjected to various 
analyses. It was observed that the simulated result of the Avalon Interrupt Interface IP was perfect and 
code coverage report was also satisfactory. The IP was verified for code coverage using QuestaSim. 
During the process of code coverage it was found that though the IP gave the expected output, still its 
overall code coverage is not 100% or approximately nearer to it, indicating that all the paths of the 
design has not been used to their full strength. So it is clear that higher order exhaustive verification 
has to be taken to reduce the errors in the design and increase the efficiency of Avalon Interrupt 
Interface IP. Thus, IP was subjected to VIP developed using VMM environment and was verified 
exhaustively. The result generated from VIP was found satisfactory and hence Avalon Interrupt 
interfaces can be used to allow slave components to signal events to master components. 
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Abstract 

A study of power line as communication medium for narrowband application is performed in the perspective of 
space time coding. The spatial diversity available in the naturally decoupled phases of the power line can be 
exploited for using power line as communication medium for narrowband application just as incase of fading 
channel of a wireless communication. In this paper, a study is performed to test the transmission of digital data 
using simulated power line. Time and frequency dependent transfer function of the power line is varied 
instantaneously during data transmission, which is a characteristic of the power line. Impulsive disturbance on 
the power line is modeled using Middleton class-A noise. BCH code is used as outer code to reduce the SNR 
requirement. Concatenation of BCH code with space time code is found to reduce the SNR requirement to have 
the carrier power within the regulatory limits. 

KEYWORDS' Space time coding, Multipath channel, Power line channel, Impulse noise, BCH coding 

I. Introduction 

Power Line Communication (PLC) refers to communication of information with power line as the 
medium for communication. Digital communication has replaced the former analog PLC. Digital data 
corresponding to information is encoded first with error control coding and then modulated using 
digital modulation schemes. The modulated data being continuous in time is coupled to the high 
voltage power line by means of a coupling transformer in series with a capacitor. Similar capacitor 
transformer pair at the receiver point collects the transmitted data and information is recovered that is 
useful to operate the receiver device. 

The high frequency carrier signal carrying the digital data information when coupled to the power line 
carrying power with low frequency (50-60 Hz), the line tends to act as antenna and radiates 
electromagnetic (EM) waves. This feature of EMI (Electro Magnetic Interference) of the line is 
undesirable, as the EM radiations may trigger or distort the unintended receivers operating in the same 
frequency range. Therefore regulatory standards put the limit on the carrier power to be injected on 
the line. CENELEC EN 50065-1 (committee European de Normalization Electro technique 
(CENELEC), regulation EN50065-1) allows 90-148 kHz and FCC (Federal Communication 
Commission) allows up to 500 kHz, with a permissible carrier limit of 134 dB|iV for industry 
automation [4]. 

Different approaches are attempted to reduce the carrier power used for digital communication on 
power line, in order to reduce the EMI. In this paper, a scheme for modem (modulator demodulator) 
design is derived to achieve the goal of carrier signal power reduction, for data communication over 
power lines, for the purpose of substation automation is discussed. 
Power line channel for data transmission follows two classifications as 
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(i). Wideband or Broadband over Power Line Communication (BPLC), to transmit and 
receive internet data which is further classified as: 

(a) Low voltage (<1 kV) high speed BPLC (>2Mbps) for internet application 

(b) High voltage (>36kV) high speed BPLC (>2Mbps) for internet application 

(ii) Narrowband Power Line Communication (NPLC) intended for supervisory or control data 
transmission on power line which is further classified as: 

(a) Low voltage low speed NPLC for home automaton (< 100kbps) 

(b) Medium voltage (lkV - 30 kV) low speed NPLC for industry automation 

A substation is said to be automated when it employs intelligent electrical/electronic devices (IED's) 

for supervisory and control actions. Substation automation can be achieved by communication with 

IED's using power line. Thus substation automation comes under the class of narrowband PLC. 

Carrier frequency and carrier power used for digital modulation of the data should be within the 

regulatory limits specified for NPLC. 

In [1], the author mentions the merits of Medium voltage PLC for automation such as emergency and 

maintenance control, security systems, power network (power grid) management optimization and 

monitoring systems such as remote metering, power quality measurement and fault survey. 

In [1, 2, 3 and 4], authors have explained that the power line channel can be modeled as a multipath 

channel, as in case of wireless or mobile channel. A multipath channel is also called as fading channel, 

due to characteristic of fading phenomenon of multipath channel. Fading is the property of 

instantaneous variation of signal power in a multipath channel. 

In [2], the author suggests the idea of exploiting naturally decoupled phases of the power line and 

power line being referred to as fading channel, so that space time coding can be applied to power line, 

to use power line as communication medium for NBPL. The simplest of space time code requires 

two transmitters and one receiver that can be achieved by coupling the same signal to two phases of 

the line and collecting from one phase. 

The use of power line as medium of communication is attractive as the channel is ready to use and no 

new medium is required to be created and hence cost effective. The impulsive noise present on the 

line makes the PLC as not so reliable and this requires the use of efficient schemes of modulation and 

channel coding. 

Alamouti's two transmit antenna one receive antenna space-time code [7] has been adopted in various 

global standards and is used to estimate and detect the modulated data in a fading channel. Space time 

coding is applied to PLC in this paper to predict the possibly highly corrupted information on the line 

and to reduce carrier power. Almouti's code requires the knowledge of channel state or channel 

transfer function, which is carried out by sending dummy pilot symbols. 

Section 2 of this paper is arranged to provide the nature of the transfer function of the power line 

channel and the associated impulse noise and the details to model them. Space time coding scheme is 

explained in section 3. Results are discussed in section 4. Conclusions are given in section 5. 

II. Power Line channel and Impulse Noise 

PLC is classified as broadband PLC (BPLC) for high speed internet data communication and as low 
speed narrowband PLC (NPLC) for industry or home automation data communication. Modeling the 
power line channel is carried out by two main types- multipath model and by using ABCD parameters 
by different authors. Modeling of power line in this paper is done by multipath model [5]. 
The power line can be modeled as multipath channel [1, 5]. Any transmission line will have 
reflections on the line, if impedance mismatches occur. Impedance mismatch is obviously present on 
line as few tapping points on the power line always switch 'on' or 'off. The 'on' or 'off of switching 
the load points cause the line impedance impairment and causing reflections or multipaths. This 
makes the channel to be modeled as multipath channel. The magnitude response of channel thus 
varies with respect to time as well as with frequency making it to be referred to be as time and 
frequency variant channel [1,3 and 5]. 

H (/) = ± gi .A(f,d,).e- j2nf *< 

(1) 
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H (/)=£ g,.e 



-(a +a v f k )-d , 



-j2Ufz i 



(2) 



Equation (1) gives the transfer function of the multipath channel and equivalent to (1), (2) gives 
transfer function of power line channel [5]. g t in (1) and (2) represents the gain of each path at i 
instant, exponent of second term in (2) represents the attenuation of H{f) with respect to frequency 
and the exponent of third term in (2) represents the delay (phase changes) in the received multipaths 

at f instant . N represents the number of multipaths in wireless channel given by (1) and number of 
disturbance points in a power line channel, given by (2). Thus (2) represents the time variant and 
frequency variant transfer function of power line channel. d t are lengths of disturbance points along 

the power line and dielectric constant of the insulating material is represented by £ r . 
The pdf (probability density function) of Middleton's Class-A Noise, is given by (4). 



/(*) = £ 



(-A) 



m 



1 



V2F 



(4) 



Equation (4) suggests that Middleton Class A noise model [6] that refers to cumulative sum of 

Gaussian distributions where c m 2 is noise variance, with G m 2 = a 2 (m /A+T) / (1+T), index T= c G 2 

/a GI 2 is the GIR (Gaussian-to-Impulsive noise power Ratio) with Gaussian noise power a G 2 and 



impulsive noise power a GI . And a = o G + o G i is the total noise power. The noise x followed by 
(4) always includes the background Gaussian noise with power o G 2 . 
In [4], several noise sources that can be found on low- or medium- voltage power grids are explained, 
such as, for example (i) colored thermal noise, (ii) periodic asynchronous impulse noise related to 
switching operations of power supplies, (iii) periodic synchronous impulse noise mainly caused by 
switching actions of rectifier diodes. Reference to different literature, suggests that analysis of power 
line with impulse noise justifies the check for power line communication performance. 

III. Space Time Coding 

A multipath channel is also called as fading channel, due to characteristic of fading phenomenon of 
multipath channel. Fading is the property of instantaneous variation of signal power in a multipath 
channel. 

3.1 Transmit and Receive scheme for space time coding 

In [7], inventions of S.M. Alamouti, the so-called Alamouti space-time block codes, filed in 1997 and 
patented jointly with Vahid Tarokh are explained. Alamouti's code is a 2 transmit antenna space-time 
code and has been adopted in various global standards. 

Figure 1 gives the schematic of space time coding using 2X1 system (2 transmit antennas, 1 receive 

antenna). Table I gives the transmit scheme for communication system shown in Fig.l 

s o , s x are symbols transmitted in two time slots as per Table 1. r is received signal [r rj , H and 

H x are transfer functions of channel 1 and channel 2 respectively, also called as channel states. s 0e 
and s le are estimates of symbols s o and s x at time slots t and t x at the receiver which are 
determined by (5) and (6). 

So , -Si* 




Rx 



Figure 1. Two transmit one receive space time coding 
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Table I. Transmit scheme for space time coding 





Time instant 


Time instant 


Transmitter point 1 


symbol 1 


-Conj(symbol2) 


Transmitter point 2 


symbol 2 


Conj (symbol 1) 



s oe = conj(H ) x r + H^conj^) 



(5) 



s le = conjiH^ x r^-H^xconj^) 



(6) 



Recovery of symbols s o and s l are further found by minimum distance of s Qe and s le with symbols 
s o and^ . The detailed mathematical support to derive receiving scheme is worked in [7]. It is seen 

that recovery at the receiver requires the knowledge of channel states. Signal estimation and detection 
at the receiver requires the knowledge of the channel states (Channel State Information). Channel 
estimation is performed by adding known dummy pilot symbol. 

3.2 Power Line as multipath fading channel 

The two transmitting antennas in the Alamouti's space time coding scheme can be realized in power 
line channel, by injecting modulated signal to two different phase lines of power line with respect to 
earth line by means of capacitive coupled coupling transformers and then by tapping received signal 
between two phase lines. Equivalent to two fading paths in a wireless channel, the two different paths 
chosen for signal transmission in power line are statistically uncorrected and thus make it possible to 
use the space time scheme. 

IV. Results and Discussion 

As per the theory of space time coding applied to fading channel, when signal deteriorates in one path, 

but is not severely disturbed by any one of other paths, then there should be proper recovery. The 

same is verified from the results obtained. 

The data symbols from information source are first protected by error control coding. BCH code (127, 

22), [8] is used to channel code the data. Symbols are then modulated by phase shift keying (PSK) 

and a carrier frequency within the permissible frequency range used for narrowband PLC. The 

modulated data then is sent using space time coding as per Table I, and recovered as explained in 

section 3. 

Fig. 2 and Fig. 4 show the plot of magnitude of transfer function in dB (attenuation in dB) of the 

simulated power line for two different paths. The two paths here mean that one path corresponding to 

signal propagating via phase 1 of line and path 2 corresponds to signal propagating via phase2 of line. 




Figure 2. Magnitude of transfer function in path 1 . 
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Table II. Range of IH (f)l in dB with type of attenuation assumed 



Range of IH(f)l in dB 


Attenuation 


Oto-5 


very low 


-5 to -15 


low 


-10 to -45 


medium 


-30 to -80 


high 


-40 to -130 


very high 



Matlab 7.9 is used to simulate the proposed scheme. Transfer functions of two paths in the power line, 
are realized using (2), using different attenuation. Table II gives the range of values of magnitude of 
transfer functions referred to as low, very low, medium, high and very high attenuation, assumed in 
this paper. 

Attenuation at the operating frequency (carrier frequency) is made to change by varying a , ai and k , 
d t and g t . Frequency range of 90 to 500 kHz is considered for realizing the channels. The carrier 
frequency of 200 kHz is used to modulate the data in this paper. 




80 100 120 140 160 1 80 200 

Sample number 



Figure 3. Magnitude of transfer function for path 1 for 200 bits. 
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Figure 4. Magnitude of transfer function in path 2. 

Time samples of impulse noise simulated using (4) are added to the signal transmitted with channel. 
In one path going high while the other path being with low and medium attenuation and reversing the 
situation next time. Data size of the order of 10 4 to 10 5 is used to test the results. Values of A and T 
are set to 0.1. Numbers of multipaths vary from 2 to 10, with distance between transmitter and 
receiver being 50 to 200m. 

When the digital data is modulated with PSK, with assumed carrier of 200 kHz, the attenuation 
offered to every bit is shown in Figure. 2. In Figure. 3, attenuation for only 200 bits is shown for 
clarity, which can be shown for other bits similarly. Attenuations shown by Figure. 2 and Figure. 4, 
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can now be regarded as two different uncorrected paths of power line channel. The bits recovered 
from space time decoding and BCH decoding,, are compared with transmitted bits and a graph of 
probability of symbol (bit) error versus SNR (Signal to Noise Ratio) is plotted. The recovery of 
symbols is studied for different amounts of attenuation on two paths and Table III was prepared, with 
reference to Table II. 

Table III Consolidated result of the scheme 



Data 
size 


A 


T 


d 


No. of 
paths 


Transfer 
Function 
indB 


Nature of 
channel 
transfer 
function 


Value of 
SNR in 
dBfor 
Pe < 10 4 


IHi(f)l indB 


IH 2 (f)l indB 




10 4 


0.1 


0.1 


l-2.5m 


4 


Very High 


Low 


Constant 
for all bits 


13 


10 4 


0.1 


0.1 


l-2.5m 


4 


Very High 


Medium 


Constant 
for all bits 


19 


10* 


0.1 


0.1 


l-2.5m 


4 


Medium 


Low 


Varying 

for every 

symbol 


9 


10 5 


0.1 


0.1 


l-2.5m 


4 


Medium 


High 




' 


13 


10 5 


0.1 


0.1 


l-2.5m 


4 


Medium 


Medium 




' 


11 


10 4 


0.1 


0.1 


l-2.5m 


4 


Medium 


High 




' 


13 


10* 


0.1 


0.1 


1-200 m 


6 


Very High 


Medium 




' 


17 


10 s 


0.1 


0.1 


l-5m 


6 


Medium 


Medium 




' 


15 


10* 


0.1 


0.01 


1-5 m 


6 


Medium 


Medium 




' 


11 


10 s 


0.01 


0.01 


1-5 m 


6 


Medium 


Medium 




' 


9 


10 s 


0.1 


0.1 


1-100 m 


14 


High 


Medium 




' 


13 


10 s 


0.01 


0.01 


1-100 m 


14 


High 


Medium 




' 


13 



4.1 Channel state estimation 

The reliability and performance of the proposed scheme depend on successful channel estimation. 
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Figure 5. Pe vs. SNR for A=0.1, T=0.1, 10 5 bits 



498 



Vol. 2, Issue 1, pp. 493-500 



International Journal of Advances in Engineering & Technology, Jan 2012. 

©IJAET ISSN: 2231-1963 

The knowledge of transfer functions H and Hi are required at the receiver for signal recovery as 
given by (5) and (6). 

In most of the literature, CSI is assumed, i.e., values of H and Hi used to send data at transmitter are 
used as they are, at the receiver. CSI is not assumed as known in this paper. CSI is derived from 
dummy pilot symbols put along with data symbols. 

V. Conclusions 

Table III gives the complete work details and results obtained in this paper. Table III helps to verify 
the successful data transmission over power line using space time code and BCH code. Error 
performance of the order of 10~ 5 to 10~ 6 is observed within 20 dB of SNR. Carrier signal level 
computed at this SNR is found to be within specified limits for narrow band home/industry 
automation PLC application. In Figure 2, attenuation in path 1, with transfer function IHo (f)l is 
varying between 15 to 45 dB and attenuation in path 2, with transfer function IH1 (f)l is varying 
between to 40 dB, in figure 4. Transfer function for path 1 is shown for only 200 symbols (bits), to 
view the path attenuation with clarity in figure 3. Attenuation in path 1 and in path 2 can be regarded 
as medium for industry/home automation PLC application. 

Error due to BCH coding which is in outer layer to Almouti's space time code (inner layer coding), 
falls rapidly, after few initial values. This is because; the inner code has brought the error in the limits 
of complete error correction capacity of outer BCH code. 

Results show that the system can tolerate the high magnitude impulses and system works well in 
protecting data from the impulse noise. There are many a versions of modem design using space time 
coding as in [2], which uses ideal channel state information (CSI). In the work presented in this paper, 
ideal channel state information is not assumed, but is derived from pilot symbols placed within the 
data bits. When ideal channel is assumed in the simulation studies, it is found that P e will be less than 
10" 6 within 3 dB (not shown by plot), for A=0.1 and T=0.1. This shows that there is scope for 
improvement in the proposed modem design, if an improved CSI scheme is adopted. To find CSI, 
many a schemes use a learning sequence, for a length of few bits (or symbols) which may create 
unnecessary delay or increase in overhead. The proposed scheme does not use a long learning 
sequence. Also there will be no synchronization problems in this scheme, as the symbol estimation is 
performed using space time decoding and detection by maximum Euclidian distance in the signal 
space. 

If one of the channel is having low or medium attenuation, then high attenuation in the 
other channel is tolerated and this holds good alternatively. This verification goes well with 
Alamouti's theory [7]. i.e., as per the theory of space time coding applied to fading channel, when 
signal deteriorates in one path, but is not severely disturbed by any one of other paths, then there 
should be proper recovery. 

Error performance of the order of 10" 5 is observed within 20 dB of SNR. Carrier signal level 
computed at this SNR is found to be within specified limits (<134db|iV) for narrow band power line 
communication. 

Input of different data sizes are verified to provide the consistent results as tabulated in Table III. 
Impulse noise parameters are changed to check the error correction. Path lengths in the channel model 
and the number of paths are changed to verify error correction. Thus an efficient modem design for 
narrowband PLC is derived. 
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Abstract 

It is common that each engineering assembly product has A,B and C class components which together 
comprises assembly. A class component has high contribution in product function, cost and profitability of the 
engineering enterprise. A special technical research is must for this class of components. Product assembly is 
another crucial function where all failures are coming on the surface. Where all components are to be available 
simultaneously to complete assembly. This is important stage because if component supply is interrupted 
assembly function stops. Many times the components cannot be supplied due to selection and use of traditional 
manufacturing techniques used at the time of sample lot submission. These short cuts taken during development 
phase are becoming hurdles at the time of commercial or bulk production of assembly. Selection of most 
suitable and advance techniques for manufacturing of all components gives quality and quantity of all 
components and streamlines assembly functions. Keen approach towards manufacturing techniques eliminates 
quality and productivity problems which occur at the supply stage of the product. This also derives long term 
benefits such as customer satisfaction gain, product life cycle growth. 

KEYWORDS' Manufacturing techniques, productivity, product life cycle 

I. Introduction 

This paper presents and discuses the results of the research work of application of advance 
manufacturing techniques used for long term elimination of quality and productivity problems of 
electrical contacts required for electro-mechanical power entry products. Due to highly competitive 
global market the time available for design, development and sample submission of product assembly 
is very short. Every manufacturing industry has to take each customer enquiry as an opportunity for 
business growth. After submission and approval of sample lot of new developing products the next 
immediate demand of the customer is bulk supplies of products. At this juncture the problem faced by 
manufacturing organization and they are unable to expedite the supplies as per customers schedules. 
This problem was taken for investigation after performing why-why analysis with related design and 
development team for this problem. We understood that the root cause for occurrence of this critical 
situation lies in the fact that is supplier has used traditional manufacturing techniques for 
supplying sample lots of brass electrical contacts. This product is socket assembly. The assembly 
has three varieties of components viz-Two types of plastic covers, three Brass contact of same 
specifications, and pair of mild steel fasteners. The BOM of the product indicates that Brass contact 
is a A class component and the supplies of these components are not made from Jamnagar based 
vendor is unable to supply contacts in time results in continuous stoppage of assembly results in 
business loss. This product is socket assembly of export market and brass electrical contact play key 
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role in the product assembly function. The samples are approved and at latter stage customer demands 
commercial supplies of the product but the product supplies cannot be rushed with required rates e 
due to low productivity and quality of contacts at vendor end. Frequent occurrence of this situation 
ultimately resulted in the loss of customer satisfaction. This subject is very sensitive for the 
organization starving for business growth. This is so alarming that this product has further no future 
if this situation continues to remain the same. This has become major obstacle in export business 
growth of the organization. Plastic covers and fastener pair have no problems for quality and 
productivity. Hence to overcome this tricky business situation we focused on brass electrical contact 
manufacturing technology used by vendor and used hot extrusion technique followed drawing as 
advance metal forming techniques to give near and neat shape to T section of contact. 

II. Contact Specifications 




— I h— 1,30-Mgx 

h-2.oci±o.os 



,i.:±i-,l:i 
1 



n 




r— {— i 



Figure. 1 Contact 
This figure above shows sectional, front & isometric view of said contact. The basic material is 70-30 
Brass. 

2.1 Research Methodology The three phase research methodology is used to achieve desired results. 

Phases are as below. 

Phase 1-Analyze existing Brass contact manufacturing technique and to find causes for low 

productivity and high rejections at various stages. 

Phase 2 -To evaluate and compare probable alternative manufacturing technologies and select the 

most suitable one. 

Phase 3-To select and establish most suitable advance manufacturing technique to come out with 

productivity and quality solutions for bottleneck contacts due to which the assembly work of the 

product is badly affected. This should solve organizational problem and rewarded new life to the 

product. 

Existing technique is manufacturing raw casted contacts using green sand molding technology and 

machining all over. Technical evaluation of existing manufacturing technology this is done in two 

steps. 

Step 1 -Evaluation of green sand molding and casting technology. Step2-Evaluation machining 

processes of the contacts to the finish dimensions. 

The critical points observed as apart of casting process limitations are a) We must provide machining 

allowance of 2.50 mm all over the contact surfaces since we cannot get finish contacts by casting 

technique. Due to low sectional thickness (refer drawing) faster cooling of castings takes place 

results in hard scale formation b) For lower cross sections streamlining metal flow a big question 

mark. As a combined effect of these two heavy casting rejection occurs. This is as tabulated in table 

Nol 
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Table 1. Type of defect and rejection percentage 



No 


Type of defect 


% 


1 


Pin holes and unfilled 


12 


2 


Chilled surfaces 


13 


3 


Scaling and blow holes 


22 



The total rejection is 47%. Existing sequence of operations of manufacturing of raw casted contacts is 
in total 14 operations required to get finish contact. 

Table 2 indicates process and estimation of the cost incurred. 



No 


Operation 


Time 


Estimate Base. 


Per contact. (INR) 


1 


Melting 


On Wt. basis 


Rs 30 /Kg. contact Wt. 
lOgm. 


INR 0.30 


2 


Material cost. 


Wt. basis 


RateINR315/Kg 


INR 3.15 (Raw Contact Wt. 
10 gm.) 


3 


Design ,Dev. of pattern. 


72Hrs @250 
INR/Hr=Rs 

18000 


One time cost. 


INR 0.18 (Pattern life 100000 
castings) 


4 


Mounting. 


24 Hrs @INR 
250. 


6000 One time. 


To amortize on 1000 molds 
ie25000castings =INR 0.24 


5 


Mold ing 


100 /shift 


INR 500/Shift 


25 castings per mold. 
INR.0.13. 


6 


Pouring. 


10 Min. 


2 persons INR 500/shift 


2=00 Divide by 25 No of 
patterns works INR 0.10 


7 


Knock out.. 


2Min. 


1 person 


1=00/25 works to INR 0.04 


8 


Fettling and cleaning 




On Kg basis 


1=50 works to INR 0.15 


9 


Hardness testing. 




On per piece basis 


0=20 works to INR 0.02 


10 


Facing. 


0.5 Min 


INR 80/Hr. 


INR 0.66 


11 


Straddle milling. 


0.25 Min 


INR 80/Hr 


INR 0.33 


12 


Slot milling. 


0.5 Min 


INR80/Hr 


INR 0.66 


13 


Drilling. 


0.2Min 


INR25/Hr 


INR 0.10 


14 


Tapping. 


0.30Min 


INR 25/Hr 


INR 0.15 



The production cost per piece of the contact is Rs.6.07.Add hidden cost5% & the net cost 

=Rs.6.37/Pc. 

It is well understood that the process is non productive and gives poor quality. Cannot be used further 

to satisfy customer's higher quantity demands. Hence search of better manufacturing technique is 

must. 

Research content Phase -2: This mainly covered study of probable alternative techniques through 

industrial surveys and literature review this is as per Table 3. 

Table 3 Industrial Survey findings 



No 


Name 


Advantages 


Limitations 


1 


Die forge. 


Better Material Utilization 


Further finishing by machining 
required. 


2 


Powder Metallurgy 


Finish parts. No machining 


Higher set up and tool cost. 


3 


Press Tool . 


Productive for low thickness 
parts. 


Poor tool life. Higher tool maintenance 
cost. 


4 


Extrusion 


Higher productivity. More 
Yield.. 


Higher set up cost. Usable only for 
long sections. 



The above table concludes that for the said contacts it is preferable to select forward hot extrusion as 
metal forming technique to extrude T-sectional long strips with additional allowance of 0.25 mm per 
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face and further to use drawing technique to remove this allowance to get finish section dimensions. 

Drawing being cold working operation gives better surface finish and closer tolerances as per drawing 

in figure 1. 

Research content Phase3: Practical implication of Hydraulic forward extrusion and drawing 

operations. These are very high productive techniques hence decided not to make any investment in 

these set ups but to outsource from reliable sources with available spare capacity. The principle of 

outsourcing is no investment needed in set up. We buy only technology and overhead cost saved. 

2.2 Extrusion Die Development 

One important step of extrusion die design & development activity is explained in following Bill of 

Material Table 4. 

Table 4 Extrusion die design & development activity 



No 


Part 


R/M 


Heat treatment done if any 


1 


Sub bolster 


H13 


Std part of press 


2 


Bolster 


Hll 


Std part. 


3 


Backer 


Hll 


Not required. 


4 


Die 


H13 


Quench and temper. 


5 


Die ring. 


Hll 


Not required. 


6 


Die slide 


Hll 


Not required. 


7 


Dummy block 


Hll 


Not required. 



The manufacturing of various die components is done by using Machines such as ram turret milling, 
spark erosion and wire cutting ,as per need lapping is also done manually. The half sectional view of 
two cavity Extrusion die is as shown in the Figure 2. 



:_ . ~ /« 




'X Extrusion 



QQkMmr 



. Sectional view of two cavity extrusion Die- 
Figure 2 Sectional view of two cavity extrusion Die 
2.3 Extrusion Press Capacity estimation 

Other key area is finding extrusion press capacity. This works out to 250 MT from standard practice 
based on brass max shear stress and extrusion Ration. This is cross verified by comparing capacity 
required for extrusion of similar section components. For initial production runs single cavity die 
design is used so that further two cavity die can be used after freezing die dimensions. The shrinkage 
allowance provided is 2% on all linear cross sectional dimensions for brass. The weight of input and 
output of brass remains constant in the process. Input weight = Output weight .On these basis output 
extrusion sectional length is calculated. Extrusion ram speed is output speed of the cross section 
extruded. This is 1200 mm / Min. & slitting saw width is decided 1 mm. By slitting we cut extruded 
sections to suitable lengths. In this case this is 1000 mm. After extrusion these long sections are 
further drawn so as to get cross sectional finish dimensions. After slitting we have to do three 
machining operations viz.l Side slot milling by using SPM & HSS side and face cutter as cutting 
tool. 2 Drilling by using SPM .3Tapping by tapping machine. For design and development of These 
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SPMS we have made a two engineers team dedicated to work with SPM developing vendor. The 
prime objective of developing special purpose machines is to reduce manual handling of work piece 
to reduce labor fatigue and fool proofing of machining operations. The production sequence and cost 
estimation by using this technique as shown in the table Table 5. 

Table 5 Production sequence and cost estimation 



No 


Name of the operation 


Machine or set up used 


Estimate Base . 


Per contact Cost. 


1 


Raw material cost 


Market Rate 


INR315/Kg 


INR.3.15 


2 


Billet casting 
Pouring. 


Melting +Pouring into 
molds 


INR 20/kg 


12 Kg Billet wt=INR 
240/Billet =INR 0.25 


3 


Heating of the billet 


Oil/gas fired furnace 


INR 10/kg 


INR 120/billet= INR 0.12 


4 


Die Design, 
development 


Tool room machines 


48 Tool room Hrs. 
INR 250/Hr 


INR 12,000/- is effective 
of INR 0.12 


5 


Loading the die on 
extrusion press 




Manual( 30 Two 
persons) 


INR. 31.25 /Loading 
INR=0.05 


6 


Extrusion and 
drawing 


Hydraulic extrusion 
press. 


INR/Hr 

280 


Ram Speed 1200 mm. 
/Min=INR 0.05 


7 


Slitting the extrusion 
to suitable length 


Slitting saw 


INR 8/Hr 
Time 0.5 min 


INR 0=06 


8 


Inspection 


Manual 


INR 30/Hr 


INR0.02/Pc 


9 


Milling 


SPM 


INR80/Hr 


INR0.22/Pc 


10 


Drilling 


SPM 


INR12/Hr. 


INR0.05/Pc 


11 


Tapping 


SPM 


INR12/Hr 


INR0.04/Pc 



The total number of operations is 1 1 Nos. 

2.4. Commercial impact of the Research Cost per piece of the contacts as per advance 

manufacturing technology is INR 4.13 /Pc add 5% in this for hidden cost.=INR 4.33 /Pc. Cost saved 

per contact INR 2.04.Cost saved /Month=INR 612000 Qty. Basis 300000 is average 

Annual savings^ INR 6120000 assuming ten month assuming ten months business per year. 



7 




Casting 




5 - 










E-.tii.ivion 




fit 








2 
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Figure 3 Cost per contact comparison 
2.5 Quality improvement 

Initial cumulative rejection stages =47%. Rejection after using advance manufacturing technique 
average -7 %. Refer graph plotted from for three months field rejection data for both casting and 
extrusion process .Figure 4 as below^ The Graph shows reduction in percentage rejection from 47 to 
average 7 percentage for 3 months. 
Figure 4 indicates process rejection. 
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Figure 4 Reduction in percentage rejection 
2.6 Lead Time Reduction 

Lead time reduced from 15 days to 7 days a batch of 100 000 Nos. 



20 -i 

15 
10 
5 - 

- 


i 1 ^r m ■ 1 


Lead Time in days 












i i 
Casting P'ocess Extrusion P'ocess 



Figure 5 Lead Time Reduction 
Figure 5 clearly indicates reduction in lead time. 

2.7 Overall advantages 

The overall advantages are lead time reduction and productivity and quality enhancement. Assembly 
function runs in time .Customer expectations satisfied in time. 

2.8 Results and Discussions 

The estimated cost as per casting and machining process used initially was INR 6.21 per piece of 
electrical contact and after implementation of extrusion technique, the cost reduced to INR 4.10 i.e. 
there is net cost reduction of INR 2.11 per piece or say around 33%. Any saving done due to use of 
advanced manufacturing technique directly contributes to the net profit of the product. Due to high 
cost competition in the market, this cost reduction benefit is passed on to the customer to make 
product more competent in the global market. If we look at cycle time required for completing a batch 
of contacts we see that previously lead time required was 15 days. This is now reduced to 7 days. In 
the long run manufacturer can think of reducing wip inventory. This is again long term benefit to the 
organization. This research has extended product life cycle of the said product which was landed into 
trouble at mass production stage itself. 

III. Conclusions 

Engineering manufacturing houses engaged in the design and development of products and selling 
their products in high competitive market must go for study and practicing use of advance 
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manufacturing techniques suitable to all class of components with priority for A class components 
not at latter stage but at the design, development and prototyping stage of the components. This 
derives long term benefits to the organization which mainly includes higher productivity, consistent 
quality and more competitive prices for sales of the product. By this organization is in position to sell 
the product at lower prices and capture more and more market at global levels. The cost reduction is 
also achieved because of material waste reduction due to utilization of advanced manufacturing 
techniques. Due to higher productivity the return on investment also starts at initial phase of mass 
production. This is long term economic advantage to manufacturing organizations and they should 
consistently starve for establishing a system of appropriate manufacturing technique selection through 
team working with special focus on continuous assessment and updated knowledge of advanced 
manufacturing techniques. 
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Abstract 

This paper presents a three-phase cascaded H-Bridge MLI as Static synchronous Compensator (STATCOM) 
intended for installation on industrial and utility power distribution systems. It proposes a control technique 
that devotes itself to meeting the demand of reactive power. To implement a separate control for the three phase 
dc-link voltages, the average active power in each phase can also be adjusted to a target value determined by 
the dc-link voltage control loop. Then, by forcing the converter neutral voltage to be equal to the counterpart of 
the equivalent power supply, the STATCOM can be decoupled into three single-phase systems and the line-to- 
neutral voltage of the equivalent power supply can be used as the input voltage to the corresponding phase leg. 
Accordingly dc-link voltage maintaining can be simultaneously achieved under unbalanced conditions. 

KEYWORDS— STATCOM, Multilevel inverter, Reactive power, FACTS. 

I. Introduction 

An AC power system is a complex network of synchronous generators, transmission lines and loads. 
The transmission lines can be represented mostly as reactive networks composed of series inductors 
and shunt capacitors. The total series inductance, which is proportional to the length of the line, 
determines primarily the maximum transmissible power at a given voltage. The shunt capacitance 
influences the voltage profile and thereby the power transmission along the line. 
The transmitted power over a given line is determined by the line impedance, the magnitude of 
voltage and phase angle between the end voltages, the basic operating requirements of an AC power 
system are that the synchronous generators must remain in synchronism and the voltage must kept 
close to their rated values. 

In the late 1980s, the Electric Power Research Institute (EPRI) in the USA formulated the vision of 
the Flexible AC transmission System (FACTS) in which various Power electronics based controllers 
regulate Power flow and transmission voltage through rapid control action, mitigate dynamic 
disturbances. FACTS devices involve the applications of high power electronics in AC transmission 
networks enables fast and reliable control of power flows and voltages. 

Reactive Power compensation can be obtained by Series VAR compensation and Shunt VAR 
compensation. Series compensation modifies the transmission or distribution system parameters, 
while shunt compensation changes the equivalent impedance of the load. Traditionally, rotating 
synchronous condensers and fixed or mechanically switched capacitors or inductors have been used 
for reactive power compensation. However, in recent years, static VAR compensators employing 
thyristor switched capacitors and thyristor controlled reactors to provide or absorb the required 
reactive power have been developed [1][3]. 

The FACTS is a concept based on power-electronic controllers, which enhance the value of 
transmission networks by increasing the use of their capacity As these controllers operate very fast, 
they enlarge the safe operating limits of a transmission system without risking stability. FACTS 
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controllers can be classified as Series controllers, Shunt controllers, Combination of Series - Shunt 

controllers and Combination of Series- Series controllers. 

The STATCOM is a shunt-connected reactive-power compensation device that is capable of 

generating or absorbing reactive power and in which the output can be varied to control the specific 

parameters of an electric power system [5]. 

Multilevel inverter has a series of advantages over two-level converter, such as its output waveforms 

are more similar to the object modulation waves (sinusoidal waves), less skip and harmonics of 

output voltages, fewer switching losses [12]. 

II. Reactive Power Compensation Technologies 

VAR compensation is defined as the management of reactive power to improve the performance of ac 
power systems. The concept of VAR compensation embraces a wide and diverse field of both system 
and customer problems, especially related with power quality issues, since most of power quality 
problems can be attenuated or solved with an adequate control of reactive power. In general, the 
problem of reactive power compensation is viewed from two aspects: load compensation and voltage 
support. In load compensation the objectives are to increase the value of the system power factor, to 
balance the real power drawn from the ac supply, compensate voltage regulation and to eliminate 
current harmonic components produced by large and fluctuating nonlinear industrial loads. Voltage 
support is generally required to reduce voltage fluctuation at a given terminal of a transmission line. 
Reactive power compensation in transmission systems also improves the stability of the ac system by 
increasing the maximum active power that can be transmitted. It also helps to maintain a substantially 
flat voltage profile at all levels of power transmission; it improves HVDC (High Voltage Direct 
Current) conversion terminal performance, increases transmission efficiency, controls steady-state 
and temporary over- voltages, and can avoid disastrous blackouts [16]. 

Traditionally, rotating synchronous condensers and fixed or mechanically switched capacitors or 
inductors have been used for reactive power compensation. However, in recent years, static VAR 
compensators employing thyristor switched capacitors and thyristor controlled reactors to provide or 
absorb the required reactive power have been developed. Also, the use of self-commutated PWM 
converters with an appropriate control scheme permits the implementation of static compensators 
capable of generating or absorbing reactive current components [1] [2] with a time response faster 
than the fundamental power network cycle. 

III. FACTS Controllers 

The rapid growth in electrical energy use, combined with the demand for low cost energy, has 
gradually led to the development of generation sites remotely located from the load centers. In 
particular, the remote generating stations include hydroelectric stations, which exploit sites with 
higher heads and significant water flows; fossil fuel stations, located close to coal mines; geothermal 
stations and tidal-power plants, which are site bound; and, sometimes, nuclear power plants purposely 
built distant from urban centers. The generation of bulk power at remote locations necessitates the use 
of transmission lines to connect generation sites to load centers. Furthermore, to enhance system 
reliability, multiple lines that connect load centers to several sources, interlink neighboring utilities, 
and build the needed levels of redundancy have gradually led to the evolution of complex 
interconnected electrical transmission networks. These networks now exist on all continents [7]. 
The FACTS is a concept based on power-electronic controllers, which enhance the value of 
transmission networks by increasing the use of their capacity As these controllers operate very fast, 
they enlarge the safe operating limits of a transmission system without risking stability. Needless to 
say, the era of the FACTS was triggered by the development of new solid-state electrical switching 
devices [4]. Gradually, the use of the FACTS has given rise to new controllable systems. 
Today, it is expected that within the operating constraints of the current-carrying thermal limits of 
conductors, the voltage limits of electrical insulating devices, and the structural limits of the 
supporting infrastructure, an operator should be able to control power flows on lines to secure the 
highest safety margin as well as transmit electrical power at a minimum of operating cost. Doing so 
constitutes the increased value of transmission assets. 
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Types of FACTS Controllers: 

In general FACTS controllers can be divided into the following four categories: 

a. Series Controllers 

In principle all the series controllers inject voltage in series with the line. Series connected controller 
impacts the driving voltage and hence, the current and power flow directly. Static Synchronous Series 
Compensator (SSSC), Thyristor Controlled Series Compensator (TCSC) etc. are the examples of 
series controllers. 

b. Shunt Controllers 

All shunt controllers inject current into the system at the point of connection. The shunt controller is 
like a current source, which draws/injects current from/into the line. Static Synchronous Compensator 
(SSC), Static Synchronous Generator (SSG), Thyristor Controlled Reactor (TCR) etc are the 
examples of shunt controllers. 

c. Combined Series-Shunt Controllers 

This could be a combination of separate shunt and series controllers, which are controlled in a 
coordinated manner. Combined shunt and series controllers inject current into the system with the 
shunt part of the controller and voltage in series in the line with the series part of the controller. 
Unified Power Flow Controller (UPFC) and Thyristor Controlled Phase Shifting Transformer 
(TCPST) are the examples of shunt series controllers. 

d. Combined Series-Series Controllers 

This could be a combination of separate series controllers, which are controlled in a coordinated 
manner, in a multi-line transmission system or it could be a unified controller, in which series 
controller provides independent series reactive compensation for each line but also transfer real 
power among the line via the power link. 

IV. STATCOM 

The STATCOM (or SSC) is a shunt-connected reactive-power compensation device that is capable of 
generating or absorbing reactive power and in which the output can be varied to control the specific 
parameters of an electric power system. It is in general a solid-state switching converter capable of 
generating or absorbing independently controllable real and reactive power at its output terminals 
when it is fed from an energy source or energy-storage device at its input terminals. Specifically, the 
STATCOM considered in this project is a voltage-source converter that, from a given input of dc 
voltage, produces a set of 3-phase ac-output voltages, each in phase with and coupled to the 
corresponding ac system voltage through a relatively small reactance. The dc voltage is provided by 
an energy-storage capacitor[5][6]. 




Fig.l STATCOM Principal Diagram 

A STATCOM can improve power-system performance in such areas as the following: 

The dynamic voltage control in transmission and distribution systems, The power-oscillation damping 

in power-transmission systems, The transient stability, The voltage flicker control and The control of 
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not only reactive power but also (if needed) active power in the connected line, requiring a dc energy 

source. 

A STATCOM is analogous to an ideal synchronous machine, which generates a balanced set of three 

sinusoidal voltages — at the fundamental frequency — with controllable amplitude and phase angle. 

This ideal machine has no inertia, is practically instantaneous, does not significantly alter the existing 

system impedance, and can internally generate reactive (both capacitive and inductive) power. 

4.1 Principle of Operation 

A STATCOM is a controlled reactive-power source. It provides the desired reactive -power generation 
and absorption entirely by means of electronic processing of the voltage and current waveforms in a 
voltage-source converter (VSC) [7]. A STATCOM is seen as an adjustable voltage source behind a 
reactance — meaning that capacitor banks and shunt reactors are not needed for reactive-power 
generation and absorption, thereby giving a STATCOM a compact design, or small footprint, as well 
as low noise and low magnetic impact. 

The exchange of reactive power between the converter and the ac system can be controlled by 
varying the amplitude of the 3-phase output voltage, Vs, of the converter. That is, if the amplitude of 
the output voltage is increased above that of the utility bus voltage, Vt, then a current flows through 
the reactance from the converter to the ac system and the converter generates capacitive-reactive 
power for the ac system. If the amplitude of the output voltage is decreased below the utility bus 
voltage, then the current flows from the ac system to the converter and the converter absorbs 
inductive-reactive power from the ac system. If the output voltage equals the ac system voltage, the 
reactive-power exchange becomes zero, in which case the STATCOM is said to be in a floating state. 
Adjusting the phase shift between the converter-output voltage and the ac system voltage can 
similarly control real-power exchange between the converter and the ac system. In other words, the 
converter can supply real power to the ac system from its dc energy storage if the converter-output 
voltage is made to lead the ac-system voltage. On the other hand, it can absorb real power from the ac 
system for the dc system if its voltage lags behind the ac-system voltage. 

A STATCOM provides the desired reactive power by exchanging the instantaneous reactive power 
among the phases of the ac system. The mechanism by which the converter internally generates and/ 
or absorbs the reactive power can be understood by considering the relationship between the output 
and input powers of the converter. The converter switches connect the dc-input circuit directly to the 
ac-output circuit. Thus the net instantaneous power at the ac output terminals must always be equal to 
the net instantaneous power at the dc-input terminals (neglecting losses) [8] [9]. 

Although reactive power is generated internally by the action of converter switches, a dc capacitor 
must still be connected across the input terminals of the converter. The primary need for the capacitor 
is to provide a circulating-current path as well as a voltage source. The magnitude of the capacitor is 
chosen so that the dc voltage across its terminals remains fairly constant to prevent it from 
contributing to the ripples in the dc current. 

The VSC-output voltage is in the form of a staircase wave into which smooth sinusoidal current from 
the ac system is drawn, resulting in slight fluctuations in the output power of the converter [10]. 
However, to not violate the instantaneous power-equality constraint at its input and output terminals, 
the converter must draw a fluctuating current from its dc source. Depending on the converter 
configuration employed, it is possible to calculate the minimum capacitance required to meet the 
system requirements, such as ripple limits on the dc voltage and the rated-reactive power support 
needed by the ac system. 
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Fig.2 The power exchange between the STATCOM and the ac system 

4.2 A Multilevel VSC-Based STATCOM 

The harmonic contamination of the power-system network by the addition of STATCOM into the 
power system can be reduced by employing multilevel VSC configurations. The multilevel converters 
usually synthesize a staircase-type voltage wave from several levels of dc-voltage sources (typically 
capacitor-voltage sources). The multilevel VSC schemes studied and tested so far include the diode 
clamp, the flying capacitor, and the cascaded, separate dc-source converter types. Many separate dc- 
source converter topologies are suggested in refs. Multilevel converters can reach high voltages and 
reduce harmonic distortion because of their structure. To increase the voltage rating, many single- 
phase full-bridge converters (FBCs) can be connected in series, automatically leading to a desirable 
reduction of harmonic distortion. However, the need to balance capacitor voltages, the complexity of 
switching, and the size of the capacitors all limit the number of levels that can be practically 
employed [16] [17]. 

Figure 3 shows the 3-phase star-connected arrangement of the separate dc-source, 3 -level binary VSC 
commonly referred to as a BVSI. It consists of three single-phase FBCs, each with its own dc source, 
connected in series. However, the magnitude of each dc source is in binary proportion of Vdc, 2Vdc, 
and 4 Vdc, where Vdc is chosen to get the desired fundamental ac-voltage output for a normalized 1- 
pu modulation index. The switches are turned on and off to generate a 15 -step ac-voltage output over 
one fundamental cycle. In general, n-level BVSI would produce a (2 n + ! -l)-step ac-voltage output 
versus a (2n + l)-step output generated by a conventional n-level, separate dc-source VSC 
configuration. 
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Electrical Power- System Network 




Fig 3 The 3 -phase, star-connected 3 -level VSI 

The multilevel converters usually synthesize a staircase-type voltage wave from several levels of dc- 
voltage sources (typically capacitor-voltage sources). The multilevel VSC schemes studied and tested 
so far include the diode clamp, the flying capacitor, and the cascaded, separate dc-source converter 
types. Many separate dc-source converter topologies are suggested in refs. Multilevel converters can 
reach high voltages and reduce harmonic distortion because of their structure. To increase the voltage 
rating, many single-phase full-bridge converters (FBCs) can be connected in series, automatically 
leading to a desirable reduction of harmonic distortion. However, the need to balance capacitor 
voltages, the complexity of switching, and the size of the capacitors all limit the number of levels that 
can be practically employed [7]. 

V. Control Strategy 

Active- and Reactive-Power Controls 

The control strategy that is proposed in this paper regulates a generic single-phase cascaded H-bridge 
multilevel converter, which is composed of N H-bridges that are connected in series. The connection 
of the STATCOM device to the power grid is made using a coupling inductance. Assume that the grid 
voltage and output-current expressions are equal to the following: 

V Grid =V2 V Grid ..Cos(cbt) (1) 



/f=V2I f .Cos(cbt-0) 



(2) 



The expressions of the active and reactive powers that are supplied by the STATCOM to the grid are 

the following 

P TO TAL=V Grid .I f .Cos(0) (3) 

Q T oTAL=V Grid .I f .Sin(0) (4) 

Where § is the angle between the grid voltage and the current that is injected by the STATCOM. The 
active power is proportional to the current component which is in phase with the grid voltage (active 
component), and the reactive power is proportional to the current component which is orthogonal to 
the grid voltage (reactive component). Therefore, for active-power regulation, the active component 
of the current is changed, and on the other hand, for reactive-power regulation, the reactive 
component is modified. From these two current components, the instantaneous current reference 
could be generated. 
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The reactive-power reference is obtained from the dc-bus voltage control loops. If the dc-bus voltage 
of one of the shunt-connected H-bridges is lower than the reference voltage, it means that the reactive 
power should be provided to this H-bridge; therefore, the capacitor would take energy, which would 
increase the voltage level. On the other hand, if the dc-bus voltage is higher than the voltage reference, 
energy should be taken out of the bus capacitor. In this way, the output of each dc-bus voltage 
regulator is a particular reactive-power reference for each H-bridge. 

VI. Simulation Results 

To verify the performance of the proposed cascade Three phase five level inverter is implemented as 
STATCOM with phase shifted bipolar sinusoidal PWM as control algorithm. Simulation have been 
carried out using Matlab-Simulink. 

In this paper, a simulation block set in Simulink/matlab was implemented as shown in fig 4 and the 
results are presented. In this model initially loadl (50KW, 15 KVAR) is supplied with 415V. After a 
period of 2 cycles another load2 (30KW, 10KVAR) is added with the help of circuit breaker. A five 
level inverter is connected as STATCOM. The control signal for this STATCOM taken from a closed 
loop POD technique. In this technique load voltage is always compared with reference voltage, 
whenever a deviation in the load voltage an error signal generated in the form of sine wave and this 
sine wave is used as reference signal in POD technique. Hence this control system produces 
necessary control signals for STATCOM to compensate the load voltage and reactive power 
requirement of the system. 
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Fig.4 Simulation Diagram of MLI as STATCOM 1 
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Fig 5 shows the balanced voltage and current supplying from the source. In fig 6 error signal 
generator has been shown. Fig 7 represents pulse generation for STATCOM based on the error signal. 
Fig 10 indicates the output voltage which clearly shows even after adding a load after two cycles it 
maintains a constant voltage where as a change in output current Fig 11 shows load active and 
reactive power when MLI acting as STATCOM. 

VII. Conclusion 

In this paper cascade five level inverter is implemented as STATCOM with star configuration for 
medium-voltage applications. The control algorithm is based on the "POD" type Multicarrier PWM. 
The control arrangement results from giving priority to the voltage-balancing control and reactive 
power balancing control. This model is mainly concentrated on unbalanced and continuously varying 
loads. Whenever there is a change in load this control arrangement of STATCOM able to balance the 
voltage and compensate the required reactive power. A 415V supply is given to the varying 
unbalanced load and a cascade number of N = 2 have verified the ability and effectiveness of the 
Reactive Power compensation. 
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Abstract 

This paper presents novel texture based content based image retrieval(CBIR) methods using six assorted color 
spaces i.e RGB, LUV, YCgCb, YIQ, YCbCr, YUV. For extracting texture feature Vector Quantization (VQ) 
algorithms like Linde Buzo Gray(LBG), Kekre's Proportionate Error (KPE), Kekre's Error Vector Rotation 
(KEVR), Kekre's Median Codebook Generation (KMCG) and Kekre's Fast Codebook Generation (KFCG) 
algorithms are used. The codebook generated from these algorithms act as the feature vector for CBIR system. 
Seven different codebook sizes varying from 8x12 to 512x12 are generated in six color spaces and using five 
different VQ algorithms, so in all 210 (7x6x5) techniques are presented here. The proposed image retrieval 
techniques are tested on generic image database having 1000 images and is independent of the image size and 
rotation invariant. To test the performance of the proposed CBIR techniques Precision and Recall is used. From 
the results it is observed that KFCG gives best results with higher precision and recall values. Codebook size 
128x12 gives best result in all codebook generation algorithms. 

KEYWORDS: CBIR, Vector Quantization, LBG, KPE, KFCG,KEVR,KMCG 

I. Introduction 

Visual communication plays an important role in modern communication system. We live in the 
digital era where the advancement in information and communication technology takes place every 
day. Large amount of digital data is generated, transmitted, stored, analyzed and accessed. Mostly 
information is in the form of multimedia nature such as digital images, audio, video and graphics. 
From various sources large amount of images are generated and it takes large volume to store. This 
stored information is in the form of images. It is more complex to retrieve and difficult to store in 
large volume. The need for efficient retrieval of images has been recognized by managers of large 
image collections. To develop efficient indexing techniques for the retrieval of enormous volumes of 
images being generated these days, we need to achieve reasonable solutions to these above mentioned 
problems needs to be achieved. Content based image retrieval gives solution of above problem. 
The term 'content' in CBIR refers to colors, shapes, textures, or any other information that can be 
possibly obtained from the image itself and 'Content Based' denotes that the search will consider the 
concrete contents of the image. It gives query as Image and output is number of matching images to 
query image. In a CBIR, features are used to represent the image content. The features are extracted 
automatically and there is no manual intervention, thus eliminating the dependency on humans in the 
feature extraction stage. The typical CBIR system performs two major tasks. The first one is feature 
extraction (FE), where a set of features, called feature vector, is generated to accurately represent the 
content of each image in the database. A feature vector is much smaller in size than the original 
image. The second task is similarity measurement (SM), where a distance between the query image 
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and each image in the database using their signatures is computed so that the top "closest" images can 
be retrieved. Many current CBIR system use Euclidean distance on the extracted feature set as a 
similarity measure. The Direct Euclidian distance between image P and query image Q is given in 
equation 1. where Vpi and Vqi are the feature vectors of image P and query image Q respectively 
with size 'n'. 



ED = \^(Vpi-Vqi) (1) 

A variety of feature extraction techniques have been developed. Color based feature extraction 
techniques include color histogram, color coherence vector, color moments,, circular ring histogram 
[4,16], BTC extensions [17,18,20]. Texture based feature extraction techniques such as co-occurance 
matrix [6], Fractals [2], Gabor filters [2], variations of wavelet transform [1], Kekre transform 
[7,9,12] have been widely used. Effort has been made in even to extend image retrieval 
methodologies using combination of color and texture as the case in [8] where Walshlet Pyramids are 
introduced. The synergy resulting from the combination of color and texture is demonstrated to be 
superior than using just color and texture [13, 14, 15]. 

II. Texture Feature Extraction Methods 

Texture is important component of human visual perception and can be effectively used for 
identifying different image regions [1]. Compared with color and shape features, texture features [5] 
indicate the shape distribution, better suits the macrostructure and microstructure of the images [2]. 
Texture representation methods can be classified into three categories, namely structural, statistical 
and multi-resolution filtering methods. The identification of specific textures in an image is achieved 
primarily by modeling texture as a two-dimensional gray level variation [6, 13]. This two dimensional 
array is called as Gray level Co-occurrence Matrix (GLCM). GLCM describes the frequency of one 
gray tone appearing in a specified spatial linear relationship with another gray tone, within the area 
under investigation. 

III. Vector Quantization 

Vector Quantization is an efficient technique for data compression [10]. VQ has been very popular in 
variety of research fields such as video-based event detection, speech data compression, image 
segmentation, CBIR, face recognition, iris recognition, data hiding etc. VQ can be defined as the 
mapping function that maps k-dimensional vector space to the finite set CB = { CI, C2, C3, . .., CN}. 
The set CB is called codebook consisting of N number of code vectors and each code vector Ci = 

{cil, ci2, ci3, , cik} is of dimension k. The codebook is the feature vector of the entire image and 

can be generated by using clustering techniques. Here we calculate results on different size of 
Codebooks like 8, 16, 32, 64, 128, 256 and 512 are used. 

Five assorted algorithms are used in Vector Quantization to generate codebooks alias Linde-Buzo- 
Gray Algorithm(LBG)[3], Kekre's Proportionate Error Algorithm (KPE)[17], Kekre's Error Vector 
Rotation Algorithm(KEVR)[23], Kekre's Fast CodeBook Genearion Algorithm(KFCG)[ll][19][21], 
and Kekre's Median CodeBook Genaration Algorithm (KMCG)[24]. 

IV. Color Spaces 

Many attempts have been made to model color perception by researchers of various fields: 
psychology, perception, computer vision, image retrieval, and graphics. Some of these resulted in well 
defined color spaces. The list of color spaces is almost endless. A few of the most important color 
spaces are: RGB (Red, Green, and Blue), HSV (Hue, Saturation, and Value), HIS (also named HSB), 
rgb, XYZ, Kekre's YCgCb, Kekre's LUV, YUV, YIQ, YCbCr. Color spaces are needed in the 
representation of color-ranges. The manipulation of colors, as is done in the graphics industry. Mixing 
of colors. The retrieval (i.e. matching) of colors. So it is evident that CBIR engines [22], using color 
as feature, need a color space for color matching. However, often CBIR engines also use a color space 
in their color selection interface. 
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V. Results and Discussions 

The CBIR techniques are tested on the augmented Wang image database of 1000 variable size images 
spread across 11 categories of human beings, animals, natural scenery and man-made things. Image 
database contains various size of images. Figure 1 shows the sample database of 16 images randomly 
selected from each category. The images are of varying sizes ranging from 384x256 to 84x128. From 
each category randomly selected 5 images are treated as queries which are fired for obtaining the 
results of proposed CBIR methods. 




Figure 1: Sample Image from the considered Image Database 

The performance of proposed CBIR methods is evaluated using the crossover point value of average 
precision and average recall values for considered queries. The standard definitions of precision and 
recall are given by equation 2 and equation 3. Precision gives the accuracy where as the Recall gives 
completeness. 

Number_of_relevant_images_retrieved 

Precesion = (2) 

Total_number_of_images_retrieved 



Recall = 



Number_of_relevant_images_retrieved 
Total_number_of_relevent_images_in_database 



(3) 



Figure 2 shows the crossover point, the point where precision and recall crosses. This crossover point 
is used as the performance measure of CBIR techniques. Higher value of the crossover point of 
precision and recall reflects better performance. 



Average 

Precision 
and 

Retail 




Xo of image retrieved N 

Figure 2. Crossover point of average precision and recall. 
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Figure 3 gives crossover points of average precision and average recall values of the LBG based 
CBIR techniques for all considered codebook sizes and different color spaces tested on Wang image 
database. Here the codebook sizes 16, 32 and 64 are better with higher crossover point values in all 
color spaces except the RGB color space. The precision and recall crossover point of codebook size 
32 for LUV color space is higher than the same for other codebook sizes and color spaces indicating 
better performance for LBG-CBIR on Wang image database. 
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Figure 3: Performance comparison of various color spaces of different Codebook sizes for LBG algorithm 
using Precision-Recall crossover points. 

Figure 4 gives crossover points of average precision and average recall values of the KPE based CBIR 
techniques for all codebook sizes and different color spaces tested on Wang image database. Here the 
codebook sizes 8 and 16 are better with higher crossover point values in all color spaces. The 
precision and recall crossover value of codebook size 8 for YCbCr color space is higher than the same 
for other codebook sizes and color spaces indicating better performance for KPE-CBIR on Wang 
image database. 
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Figure 4 : Performance comparison of various color spaces of different Codebook sizes for KPE algorithm 
using Precision-Recall crossover points 

Figure 5 gives crossover points of average precision and average recall values of the KEVR based 
CBIR techniques for all codebook sizes and different color spaces tested on Wang image database. 
Here the codebook sizes 64 and 128 are better with higher crossover point values. The precision and 
recall crossover point value of codebook size 128 for YCbCr color space is higher than the same for 
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other codebook sizes and color spaces indicating better performance for KEVR-CBIR on Wang 
image database. 
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Figure 5 : Performance comparison of various color spaces of different Codebook sizes for KEVR algorithm 
using Precision-Recall crossover points 

Figure 6 gives crossover points of average precision and average recall values of the KFCG based 
CBIR techniques for all codebook sizes and different color spaces tested on Wang image database. 
Here the codebook sizes 128 and 256 are better with highest crossover point value. The precision and 
recall curves of codebook size 256 for RGB color space are higher than other codebook sizes and 
color spaces indicating better performance for KFCG-CBIR on Wang image database. 
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Figure 6 : Performance comparison of various color spaces of different Codebook sizes for KFCG algorithm 
using Precision-Recall crossover points 

Figure 7 gives crossover points of average precision and average recall values of the KMCG based 
CBIR techniques for all codebook sizes and different color spaces tested on Wang image database. 
Here the codebook sizes 128 and 256 are better with highest crossover point value. The precision and 
recall curves of codebook size 128 for LUV color space are higher than other codebook sizes and 
color spaces indicating better performance for KMCG-CBIR on Wang image database. 
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Figure 7: Performance comparison of various color spaces of different Codebook sizes for KMCG algorithm 
using Precision-Recall crossover points 

5.1: Results according to Different Color Spaces. 

Her proposed CBIR methods with respect to various color spaces are discussed for respective 
codebook generation techniques. 

Figure 8 shows the comparison between various sizes of codebook for RGB color spaces. Codebook 
size 128 and 256 gives the better result than other size of codebook. After codebook size 256 graphs is 
slightly decreasing because more no of voids are created. KFCG gives the better result as compared to 
other VQ methods. 
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Figure 8 : Crossover points of Avg Precision & Recall plotted against the various VQ methods for RGB color 

space. 

Figure 9 shows the comparison between various sizes of codebook for LUV color spaces. Codebook 

size 128 gives the better result than other size of codebook. KFCG gives the better result as compared 

to other VQ methods. 
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Figure 9 : Crossover points of Avg Precision & Recall plotted against the various VQ methods for LUV color 
space. 

Figure 10 shows the comparison between various sizes of codebook for YUV color spaces. Codebook 
size 128 and 256 gives the better result than other size of codebook. KEVR gives the better result as 
compared to other VQ methods. 



■ 8 B16 32 ■ 64 



1 128 256 



512 




KMCG 



Figure 10: Crossover points of Avg Precision & Recall plotted against the various VQ methods for YUV color 
space. 

Figure 11 shows the comparison between various sizes of codebook for YCbCr color spaces. 
Codebook size 64 and 128 gives the better result than other size of codebook. KEVR gives the better 
result as compared to other VQ methods. 
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Figure 11: Crossover points of Avg Precision & Recall plotted against the various VQ methods for YCbCr 
color space. 

Figure 12 shows the comparison between various sizes of codebook for YCgCb color spaces. 
Codebook size 128 and 256 gives the better result than other size of codebook. KEVR gives the 
better result as compared to other VQ methods. 
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Figure 12: Crossover points of Avg Precision & Recall plotted against the various VQ methods for YCgCb 
color space. 

Figure 13 shows the comparison between various sizes of codebook for YIQ color spaces. Codebook 
size 128 gives the better result than other size of codebook. KMCG gives the better result as 
compared to other VQ methods. 
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Figure 13: Crossover points of Avg Precision & Recall plotted against the various VQ methods for YIQ color 
space. 

5.2. Disscussion. 

Table 1 shows the best Crossover values for respective color spaces and codebook sizes with respect 
to VQ algorithms LBG, KEVR, KPE, KFCG, KMCG. It is observed that LBG algorithm in Kekre's 
LUV space gives higher crossover point for codebook size 16. In LBG-CBIR YUV color space gives 
better result in all size of codebook. YIQ gives worst result compare to other color spaces. KPE 
algorithm in YCbCr color space gives better result for codebook size 8. In KPE-CBIR YCbCr color 
space gives average result and YIQ color space gives worst result as compare to other color spaces. 
KEVR algorithm in YUV color space gives better results for codebook size 128. In KEVR-CBIR 
LUV and YCbCr color space gives average result and YIQ color space gives worst result as compare 
to other color spaces. KMCG algorithm in LUV color space gives better result for codebook sizel28. 
In KFCG algorithm RGB color space gives better result for codebook size 256 where as LUV color 
space gives average result while YIQ and YUV color space gives worst results. 

Table 1. Best Crossover values for respective color space and codebook size with respect to various VQ 
algorithms. 



Algorithm 


Color space 


codebook size 


crossover point 


LBG 


LUV 


16 


0.44885 


KEVR 


YUV 


128 


0.469673 


KPE 


YCbCr 


8 


0.4445 


KMCG 


LUV 


128 


0.45675 


KFCG 


RGB 


256 


0.4815 



Table 2 shows the best Crossover values for various algorithms and codebook sizes with respect to 
various color spaces. It is observed from the table that KFCG algorithm gives highest crossover point 
in RGB color space for codebook size 256. KEVR and KMCG gives average result where as LBG 
gives worst results in RGB color space as compare to other algorithms. LUV color space gives better 
results for codebook size 128 of KFCG. KMCG and KEVR algorithm gives average result and KPE 
algorithm gives worst results in LUV space. In YUV color space KEVR algorithm gives higher 
crossover point for codebook size 128 where as KFCG and KMCG gives average results and KPE 
algorithm gives worst result. KEVR algorithm gives better result for codebook size 128 in YCbCr 
color space where as KFCG and KMCG algorithm give average result while LBG algorithm gives 
worst result as compare to others algorithm. In YCgCb color space KEVR algorithm gives better 
result for codebook size 128. KFCG and KMCG algorithm give average result while KPE algorithm 
gives worst result in YCgCb color space. KMCG algorithm gives better result for codebook size 128 
in YIQ color space while KFCG gives average result where as KPE gives worst result. As compare to 
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all the results RGB color space Kerkre's fast codebook generation algorithm gives best performance 
crossover value is 0.4814 for codebook size 256. 



Table 2 : Best Cro ssover values for various algorithms and codebook sizes with respect to va rious color spaces. 



Color space 


Algorithm 


codebook size 


crossover point 


RGB 


KFCG 


256 


0.4815 


LUV 


KFCG 


128 


0.46905 


YUV 


KEVR 


128 


0.46967 


YCbCr 


KEVR 


128 


0.46916 


YCgCb 


KEVR 


128 


0.4517 


YIQ 


KMCG 


128 


0.45125 



VI. Conclusion 

The performance of CBIR system depends on the precision and recall. The crossover point of 
precision and recall is taken as criteria for judging the performance of CBIR technique. The use of 
vector quantization codebooks as feature vectors for image retrieval is proposed in the paper. The 
codebook generation techniques such as of Linde-Buzo-Gray (LBG), Kekre's Proportionate Error 
Algorithm(KPE), Kekre's Fast Codebook Generation algorithm, Kekre's Median Codebook 
Generation algorithm and newly introduced Kekre's Error Vector Rotation (KEVR) algorithms for 
texture feature extraction are used. These codebooks extracted with sizes 8, 16, 32, 64, 128, 256 and 
512 are used in proposed CBIR techniques. Six different color spaces are used. Thus the five 
codebook generation algorithms, seven different codebook sizes and six color spaces per algorithm 
results into 210 variations of proposed image retrieval techniques. All these variations are tested on 
Wang image database of 1000 images. As compared to all the discussed CBIR variations results 
Kerkre's fast codebook generation algorithm in RGB color space gives best performance crossover 
value is 0.4814 for codebook size 256. 
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Abstract 

An instrumentation which is used to monitoring of volcano activities usually has a complex structure and 
expensive. This, may difficult not only in procurement of the device but also in terms of maintenance. Aim of this 
research is to develop a simple and inexpensive instrumentation system for online volcano monitoring. For this 
purpose, the instrumentation system is built upon two main units, i.e. Remote Terminal Unit (RTU) and Master 
Terminal Unit (MTU). The RTU is sensing unit, which includes seismic sensor module and weather sensor 
module. Both the sensor modules are equipped with a microcontroller based data acquisition system. The MTU 
is control and data logger unit. It is built based on PC, and installed application' s software for data logger and 
interface to the internet network, allowing users to access the volcano activity that was monitored by real time, 
from anywhere. The connection between MTU and RTU performed wirelessly using a digital radio transceiver. 
The RTU's work function is fully controlled by the MTU. This system has been tested on laboratory scale and 
work well. 

KEYWORDS' Volcano monitoring, Instrumentation, Seismic Sensor, Weather sensor 

I. Introduction 

In country, that has many volcanoes such as Indonesia (see Figure 1), continuously monitoring of 
volcano activity becomes very important. There are at least two reasons, first is to monitor the level of 
volcano hazard, relates to mitigation and management of natural disasters particularly those caused by 
volcanic eruptions to reduce losses and damages. Secondly is to understand the physical processes 
that occur inside the volcano, such as magma migration and the mechanisms that exist within the 
volcano, this is more toward advancing the science of volcanoes (volcanology) itself [1]. 
There are many physical phenomena resulting from the internal behaviour of volcanoes, including 
external signs that can be measured with instruments when the magma moves or its chemical 
composition changes, or when its pressure or temperature varies. Then, many methods have been 
utilized for observing and monitoring the volcano activity and the efforts for establishing a good and 
reliable system for monitoring and predicting the volcano eruption is never ended. Instruments will 
never replace the expertise of the volcanologists in charge of the surveillance, but they definitely can 
help them in taking swift decisions in case of a crisis such as an eruption [3]. 

The study of earthquakes is one of the most common methods in order to monitor the volcanic 
activity, with a great success. The whole idea is based on the theory saying that magma causes small 
earthquakes during trying to find an exit to the surface [4]. Earthquake activity beneath a volcano 
almost always increases before an eruption because magma and volcanic gas must first force their 
way up through shallow underground fractures and passageways. 
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Figure 1. Major volcanoes in Indonesia [2] 

Currently, the development of earthquakes sensor (i.e. seismic) leads to technology of MEMS 
accelerometer. The technology of very small mechanical device driven by electricity or vice versa, 
and packaged in Integrated Circuit (IC) chips. Advantages of using MEMS for seismic sensor are 
small size and compact, sensitive, mild, and relatively cheap. MEMS accelerometer is also available 
in 3-axis sensing (xyz), so it can be used to measure seismic vibrations in three different directions 
simultaneously [5,6,7]. Earthquake recorders typically record data at 100 sps and 200 sps, meaning 
that frequencies above 50Hz or 100Hz are not recorded. More can be learnt about earthquakes by 
using MEMS accelerometers and recorders capable of sampling at up to 2000 sps [8]. 
Temperature is one of the physical parameters of a volcano that register characteristic increase during 
reactivation periods. Thermal monitoring is so one of the most important elements of an integral 
monitoring system. The monitoring of the surface temperature of volcanoes is one of the essential 
elements to know the state of their volcanism. The surface temperature distribution of a volcano can 
be observed by using many kinds of temperature sensor, and also with various methods [9,10,11]. 
On the other hand, in view of the instrumentation system, the use of a microcontroller to build of the 
system has been widely applied. Implementation of a microcontroller into the hardware design will be 
able to increase the capabilities and simplify the system. The advantages of using a microcontroller 
are small dimensions, programmable, simple, reliable and relatively cheap [12]. A sensor can be 
interfaced to the others functional devices using a low-cost microcontroller and few resources, as in 
fieldbus sensors [13]. To realize a web sensor, Internet Protocols must be provided and most of the 
cost is in full-compliant implementation of these high-level protocols (TCP/IP or HTTP). This 
approach allows access to the sensor from everywhere with a commercial browser instead of a 
proprietary interface [14]. 

Usually, the instrumentation system for volcano monitoring has a complex structure and expensive, 
this may make difficulties not only in device procurement but also in terms of maintenance. So that, 
building the system in the simple form and low-cost in budget is a challenge for researchers in the 
field of volcanology. This paper discusses the design and construction of a simple and low-cost 
instrumentation system for monitoring seismic activity of the volcano and the surrounding weather by 
online and real-time based on internet network. 

II. Proposed Instrumentation System 

In general, an instrumentation system consists of four main elements; they are sensor, signal 
conditioning, signal processing, and display [15]. In this research, block diagram of the proposed 
instrumentation system can be seen in Figure 2. The system is built upon two main units, namely 
Remote Terminal Unit (RTU) and Master Terminal Unit (MTU). The RTU is made from several 
modules, i.e. seismic sensor module, weather sensor module, data acquisition (DAQ) module, and 
data communication module (i.e. RF-transceiver). While the MTU built based on PC, and installed 
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application's software for data logger and network interface. Communication between RTU and MTU 
performed wirelessly by using radio tranceiver. The system is built based on internet network, 
allowing users to access the volcano activity that was monitored by online and real time, from 
anywhere. 



REMOTE TERM INAL 
UNIT (RTU) 



MASTER TERM INAL 
UNIT (MTU 




Figure 2. Block diagram of the proposed instrumentation system 

2.1 Seismic Sensor 

The seismic sensors was developed using MMA7260QT MEMS accelerometer as main component. It 
is triaxial acceleration sensor, packaged on IC's chip, and produced by Freescale. The MMA7260QT 
is low-cost capacitive accelerometer, features temperature compensation and g-select which allows 
for the selection among 4 sensitivities (1.5, 2, 4 and 6 g). Characteristics of this device, in stationary 
conditions (no motion), output voltage of the sensor is issued a certain volt; depend on position of the 
sensor placement [16]. 

For application as seismic sensor, a static voltage is not required and need to be removed. Thus, if the 
sensor is in static condition, output of the sensor is volt -for all channels (xyz). Then the output of 
the sensor will correspond to the seismic vibrations only. For the purpose of signal filtering, 
amplifying, and level adjustment, it is necessary to build a suitable signal conditioning circuit. The 
signal conditioning consists of a band pass filter (BPF), voltage amplifier and buffer, and voltage level 
adjustment (DC-offset). BPF circuit serves to eliminate the static DC output voltage of the sensor and 
blocks high frequency noise. Circuit of the seismic sensors that have been developed given in Figure 
3. Transfer function of the circuit is given by: 
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Figure 3. Circuit of 3 -axis seismic sensor circuit 

Prototype of the sensor in a printed circuit board (PCB) is given in Figure 3. In this figure, left and 
middle pictures are looked top and bottom sides of the sensor, while the right is a picture of the sensor 
after casing assembled. 
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Figure 4. Photos of 3 -axis seismic sensor 

2.2 Temperatur and Humidity Sensor 

Measurement of air temperature and air humidity is important in volcano monitoring. This carried out 
to determine the environmental changes resulting from the volcano's internal processes. For this 
purpose, we develop temperature and humidity sensors in simple form by using SHT11. The SHT11 
is produced by Senserion, it has double function i.e. as temperature sensor and humidity sensor. The 
SHT11 has small dimension, high accuracy, and output in digital logic [17]. Another advantage of this 
sensor is can be directly connected to the I/O port microcontroller without any other additional 
devices. For temperature functionality, output of the sensors is 14 bits digital data. While for humidity 
functionality, output of the sensor is 12 bits digital data. Figure 5 shows a picture of this sensor and its 
connection to the microcontroller. 
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Figure 5. Temperature and humidity sensor 
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2.3 Wind Direction and Wind Speed Sensor 

Wind direction sensor is made using standard mechanical vane system, as shown in Figure 6. Wind 
direction coded to 4 bits combinational binary code from '0000' to '1111' (Figure 6a), and each bit 
performed by optocouple circuit (Figure 6b). From these codes, it can be determined of 16 stages 
different direction, by resolution of 22.5 degrees. Wind speed sensor is created using an anemometer 
cub system. Magnitude of the wind speed is determined by counting the number of cycles per unit 
time. The cycle counter performed by optocouple circuit. Prototype of wind direction and wind speed 
sensor is given in Figure 7. 
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Figure 6. Optocouple circuit 
2.4 Data Acquisition (DAQ) System 




Figure 7. Prototype of (a) wind-direction, 
(b) wind-speed sensor 



Data acquisition system, built upon hardware and software. The hardware of DAQ system is made by 
the use of PIC 16F876 microcontroller as main component. PIC 16F876 is midrange microcontroller 
manufactured by Microchip Company [18]. The advantages of using this device are cheap, has 5- 
channels internal ADC, and widely available in the commercial market. Figure 8 shows hardware of 
DAQ system and its connection to the sensors system and the RF transceiver. RF transveiver is radio 
communication device to perform wireless communication between RTU and MTU. In this research 
we use YS-320H RF-transceiver from Shenzhen Yishi Electronic Ltd. This is 5 watt (range up to 10 
km) wireless data modem [19]. Figure 9 is implementation hardware of (a) DAQ system in PCB and 
(b) YS-320H RF-transceiver. 

Furthermore, the system software of DAQ was made for two purposes, i.e. to hardware system driving 
and to make display for user interface application. Microcontroller software (i.e. firmware) is 
constructed by using assembly language MPLAB-IDE, while the display for the user interface was 
developed using Delphi programming language. Procedure of communication between the RTU 
(sensing unit) and the MTU (control unit) arranged by program procedure that has been installed both 
in the microcontroller and PC. 
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Figure 8. Block diagram of DAQ (in RTU) 
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Figure 9. (a) DAQ, (b) RF-transceiver 

2.5 Data Logger Device and WEB Interface 

Device of data logger is part of the MTU. The data logger serves to store the results of monitoring 
data come from RTU. Hardware of the data logger is a PC equiped by additional hardware and 
software interface. In addition, software of the data logger created by using MySQL database 
application. It's internet based database software to aim that monitoring data can be displayed through 
the application site, or converted into a spreadsheet. 

The acquisition software works by capture the monitoring data in PC's memory that passed on by 
doing a query insert into the database. The results of acquisitions that have been stored in MySQL 
database will be processed by components of the application site to real-time concept. Test of data 
storage prepared to ensure that the data acquisition software can forward the data received by the 
MTU into the MySQL database table in accordance to sensing time. There is no data queue, data stack 
(accumulation) or data loss. 

Web interface software for application site built by using a combination of client side scripting 
(JavaScript) as an interpretation of real-time programming, server side scripting (PHP) as an API 
(Application Programming Interface) and Scalable Vector Graphic (SVG). This combination produces 
programming called PHP-AJAX (Asynchronous JavaScript and XML) to SVG format chart plotter. 
AJAX is a technique to control the use of JavaScript in communication with the server and then 
refresh (update) the existing data in a web page without undergoes a refresh an entire Web page as in 
the usual method. 

III. Results and Discussion 

It is very important to make sure that the proposed instrumentation system work well by carry out 
some tests. Purposes of test is to knows funcionality and performance of the sensors, DAQ, and 
overall of the instrumentation system. 

To determine performance of the seismic sensors, it was tested by comparing the sensor output with a 
commercial geophone. In this case, a comercial geophone placed nearby the developed seismic 
sensors, then performed vibration test and record both output signal of the sensors. Figure 10 shows 
signal of the sensor and the geophone. In this figure, upper side signal i.e a small amplitude signal is 
output of the developed sensor, whereas lower side signal i.e. a large amplitude signal is output of the 
geophone. Result of experiment show that both signals have same trend. The difference amplitude is 
caused by deferent amplification in signal conditioning circuit, and it can be handed by chosing 
suitable amplification. So, from these experimental results can be concluded that the developed sensor 
has been functioning properly. 
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Figure 10. Comparation between developed sensor and geophone 

Validation test of the temperature and humidity sensors is carried out by using standard laboratory 
equipment for calibration i.e. HHF11. Results of calibration are given in Figure 11 for temperature 
sensor and Figure 12 for humidity sensor. In Figure 11, it appears both sensors have same temperature 
value for several conditions by R 2 = 0.99. In figure 12, there are differences in measurement results 
between the two sensors especialy in high humidity values. This is due to the SHT11 humidity was 
measured by calculating the compensation of room temperature. However, these differences need to 
be further analyzed, even necessary recommendations for using other types of humidity sensors. 
Validation test of the wind speed sensor is carried out also by using HHF11 calibrator. Calibration is 
performed by comparing the rotation speed of anemometer cup (developed device) with speed of the 
calibrator. Graph of calibration is given in Figure 13. The resulting equation is y = 2.302x, with R 2 = 
0.99, will be used to convert the rotational speed of the anemometer cup to wind speed value. For 
several experimental data, the error of the resulting wind speed sensor is ± 5% of HHF11. While the 
measurement of wind direction by using developed sensors, the results of measurement are given in 
Table 1. 
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Table 1. Determination of wind direction 



Input 
(Digital Code) 


Direction (°) 
from North 


Input 
(Digital Code) 


Direction (°) 
from North 


0000 


- 22.5 


1000 


180-202.5 


0001 


22.5 - 45 


1001 


202.5 - 225 


0010 


45 - 67.5 


1010 


225 - 247.5 


0011 


67.5 - 90 


1011 


247.5 - 270 


0100 


90-112.5 


1100 


270 - 292,5 


0101 


112.5- 135 


1101 


292.5-315 


0110 
0111 


135- 157.5 
157.5- 180 


1110 

mi 


315-337,5 
337.5 - 360 



Furthermore, in case of RTU-MTU communication procedure, it is necassary to do test performance 
of the telemetry system. For that, seismic signal from sensor in the RTU recorded by using digital 
osciloscope, and for the same time it's transmit wirelessly to the MTU by YS-320H RF-transceiver. 
Figure 14 shows result of the test. Image (a) is the transmitted signal (RTU), and image (b) is the 
received signal (MTU). It can be seen that both signal have same shape, it's mean that the telemetry 
system function properly. 

Performance test of web based system purposes to find out whether the signal pattern of the graph in 
MTU's PC (PC's server) corresponds to the pattern shown in the browser client computer. Result of 
the test shown in Figure 15. It can be seen that is a comparative look between MTU's PC and web 
browser. However, the signal on the browser client has small delay compare to MTU's PC. This 
occurs due to distance and wide network connections owned by the PC's client to the server (MTU). 
In addition, real-time system is defined as a system that not only oriented towards results (outputs) 
issued, but also required for the system can work well within a certain time as needed. 
Finally, Figure 16 shows block diagram of the overall instrumentation system for real time volcano 
monitoring. The system was designed low-cost in budget and as simple as possible, with the purpose 
of facilitating the modification if desired, and can be integrated with other systems to improve the 
quality and quantity of monitoring. According to the some tests that have been done on the overall 
system, the system is functioning properly. However, field validation still needed to determine 
performance of the instrumentation system in the real application. 
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Figure 15. Performance test of the web based application (a) MTU's PC (b) browser client's PC 
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Figure 16. Block diagram of the overall instrumentation system 

IV. Conclusions 

In this research, a simple and inexpensive instrumentation system for online volcano monitoring has 
been developed. Some projects have been successfully tested: (1) seismic sensors and weather 
sensors, (2) data acquisition and telemetry systems, and (3) logger data and software for web-based 
monitoring systems. The prototype of seismic sensors offers good results; although still need to do 
field validation. Weather sensors i.e. air temperature sensor, air humidity sensor, wind speed sensor 
and wind direction sensor also offer good results. Telemetry system for RTU to MTU wireless 
communications has been functioning properly. For internet based monitoring system, has been 
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successfully designed Web-based software applications using MySQL. The monitoring data of 
seismic activity and the surrounding weather can be recorded and analysed for scientific purposes or 
mitigation of natural disasters. 
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Abstract 

In 1985 a powerful and public-key scheme was produced by ElGamal. El-Kassar et al. and El-Kassar and 
Haraty modified the ElGamal public-key encryption scheme from the domain of natural integers, Z, to two 
principal ideal domains, namely the domain of Gaussian integers, Z[i], and domain of the rings of polynomials 
over finite fields F[x], by extending arithmetic needed for the modifications to these domains. In this paper we 
modified the classical ElGamal encryption/decryption algorithm which is based on the difficulty of discrete 
logarithm problem where it is straight forward to raise numbers to large powers but it is much harder to do the 
inverse computation of the discrete logarithm. Now, there are so many algorithms available for solving the 
discrete logarithm problem of small size numbers in a reasonable time. Two of the most popular algorithm is the 
baby -step/ giant-step algorithm and the pollard's rho algorithm. So to improve security, we proposed a 
Intensified ElGamal Cryptosystem (IEC) to enhance the security for encrypting long messages and also secure 
against mathematical and brute-force attack as well as Low-Modulus and Known- Plaintext attack on ElGamal 
cryptosystem.. The security of this algorithm is based on the difficulty of solving the discrete logarithm problem 
and Integer factorization problem. This paper also presents comparison between IEC and ElGamal 
cryptosystem in respect of security and complexity. 

KEYWORDS' Encryption, Decryption, Public key, Private Key, Security, ElGamal parameters, Rabin, IFP, 
DTP. 

I. Introduction 

The importance of cryptography system and techniques is becoming a fundamental issue for large 

sector of society. The use of encryption is so important for both storing and transmitting the data. In 

order to secure this digital data, strong cryptography techniques are required. 

The importance of encryption is increasing rapidly due to the growing traffic on the public network 

like Internet. Private persons, companies, government agencies and other organizations use encryption 

techniques in order to safely communicate with partners and customers [1]. 

Cryptography is the study of mathematical techniques related to aspects of information security which 

aims to provide the following services [2]:- 

• Confidentiality: preventing the unauthorized reception of the message. 

• Authentication: verifying the message's origin. 

• Data Integrity: establishing that a received message has not been altered. 

• Non-Repudiation: This is a service which prevents an entity from denying previous commitments 
or actions. 

The encryption are mainly divided into two types; 1) block cipher which split the plaintext into fixed 
length blocks and then operate on each block separately to produce a corresponding ciphertext block. 
2) Stream cipher which operates on the plaintext bit by bit (or character by character) rather than on 
plaintext block. 
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The cryptosystem can be one of two types; the symmetric cryptosystem and asymmetric 
cryptosystem. Symmetric key cryptosystem uses the same key for both encrypting and decrypting the 
data, this kind is also known as secrete key encryption. On the other hand, asymmetric cryptosystem 
uses two different keys: the first one is the public key used to encrypt the data and the other one is the 
private key used to decrypt the data, asymmetric cryptosystem is also known as public key encryption 

[3]. 

The conceptual difference between symmetric and asymmetric cryptography/encryption are based on 
how these systems keep a secret. In symmetric key cryptography, the secret must be shared between 
two persons. In asymmetric cryptography, the secret is personal (unshared); each person creates and 
keeps his or her own secret [4]. 

1.1 The Integer Factorization Problem (IFP) 

The integer factorization problem is the following: given a composite number n that is the product of 
two large prime numbers p and q, find/? and q. 

While finding large prime numbers is a relatively easy task, the problem of factoring the product of 
two such numbers is considered computationally intractable if the primes are carefully selected. Based 
on the difficulty of this problem, Rabin and Williams developed Rabin cryptosystem [5]. 

1.2 The discrete logarithm problem (DLP) 

The discrete logarithm problem is the following: given a prime p, a generator a of Z p , and a non-zero 
element |3 G Z p? find the unique integer r, < r < p-2, such that [3 = a r (mod p). The integer r is called 
the discrete logarithm of (3 to the base a. ElGamal scheme is based on discrete logarithm problem [5]. 

1.3 Rabin Cryptosystem 

The Rabin cryptosystem is example of an asymmetric cryptosystem. It was created by Michael O. 
Rabin in 1979. Rabin's work has theoretical importance because it provided the first provable security 
for public-key cryptosystems. It can be proven that recovering the entire plaintext from the ciphertext 
has same complexity as factoring large numbers [2]. 
Rabin's algorithm is stated as follows: 

• Each user chooses two primes p and q each equal to 3 modulo 4, and forms the product n-p x q. 

• Public key: the number n. 

• Private key: the numbers p and q. 

• Encryption: to encrypt a message m, form the ciphertext c-m (mod n). 

• Decryption: given ciphertext c, use the formulas below to calculate the four square roots modulo n 
of c: m u m 2 , m 3 , and m 4 . One of them is the original message m. 

In this paper, we compare and evaluate the ElGamal cryptosystem and Intensified ElGamal 
cryptosystem by implementing and running them on a computer. We investigate the issues of 
complexity, efficiency and reliability by running the algorithm with different sets of values. 
Moreover, comparisons will be done between these two algorithms given the same data as input. 
The rest of paper is organized as follows- section 2, describes the ElGamal cryptosystem which 
depends on the discrete logarithm problem and security of ElGamal cryptosystem. In section 3, we 
present our modified algorithm. In section 4, we compare both the algorithm- ElGamal and Intensified 
ElGamal cryptosystem. In section 5, describe the security analysis of our modified algorithm. A 
conclusion is shown in section 6. 

II. ElGamal Cryptosystem 

The classical Elgamal encryption-decryption scheme is one of the most popular and widely used 
public-key cryptosystem. It is based on the difficulty of the discrete logarithm problem for finite 
fields. The ElGamal Cryptosystem consists of three steps [2]: 
Step 1) Generating the key 

1. Choose a large prime number p, such that (p - 1) / 2 is prime, too. Nis the number of bits of p. 

2. Choose the base alpha < p. 

3. Choose the private key a < p. 

4. Compute beta = alpha a (mod p) 
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5. Publish p, alpha and beta as public key. 

Step 2) Encryption of a message 

1. Split the plaintext into blocks of N - 1 bits (fill them up if necessary). 

2. Choose a secret random number k with gcd(k, p - 1) = 1 

3. Compute for every block x the ciphertext 

e(x, k) = (ji, y 2 ), where y x = alpha^(modp) and y 2 = beta^x (mod/?). y x and y 2 are blocks of the 
length N of ciphertext. 

Step 3) Decryption of a message 

1 . Split the ciphertext in blocks of N bits 

2. For two successive blocks y\ and y 2 solve 
y\* - yi (mod p) for x. Thus 

d(yu yi) = x = yi (yi a )'\moAp) 
is the wanted block of plaintext. 

2.1 Security of ElGamal Cry ptosy stem 

The security of ElGamal cryptosystem is also broken by two attacks based on low modulus and 
known-plain text attacks [4]. 

A) Low-Modulus Attack: If the value of p is not large enough, then broker can use efficient algorithms 
to solve the discrete logarithm problem to find alpha or private key "a". It means that the security of 
ElGamal cryptosystem depends on the infeasibility of solving a discrete logarithm problem with a 
very large module [4]. 

B) Known-Plain text Attack: If sender use same random exponent k, to encrypt two plaintexts P and 
P\ broker discover P' if he knows P. So we have to use fresh value of k for different plaintext [4]. 

III. Our Scheme (IEC) 

In this section, we propose an efficient algorithm for enciphering a long plaintext. Our proposed 

algorithm (Intensified Elgamal Cryptosystem (IEC)) is based on both ElGamal cryptosystem [2] and 

Rabin cryptosystem [2]. 

Our cryptosystem algorithm consists of three steps: 

Step 1) Generating the key 

1. Choose a large prime number p, such that (p - 1) / 2 is prime, too. Nis the number of bits of p. 

2. Choose the base alpha < p. 

3. Choose the private key a < p. 

4. Compute beta = alpha a (mod p) 

5. Generate two large random (and distinct) primes r and s, each roughly the same size and both 
primes when divided by 4 give remainder 3 

6. Compute n = r*s. 

7. Use the extended Euclidean algorithm to find integers A and B satisfying A*r + B*s = 1. Note 
that A and B can be computed once and for all during the key generation stage. 

8. Publish p, n, alpha and beta as public key and kept secret A, B, a, r, s as private key. 

Step 2) Encryption of a message 

1. Split the plaintext into blocks of N - 1 bits (fill them up if necessary). 

2. Choose a secret random number k with gcd(£, p - 1) = 1. (There should be different k for 
different plain text message) 

3. Compute for every block x the ciphertext 

e{x, k) = (ji, y 2 ), where yi=alpha\modp) and 3/ 2 =beta^x(mod/?). y x and y 2 are blocks of the 
length N of ciphertext. 

4. Append ten consecutive five ("5") digits at the end of y 2 and at the end of y 2 then add yj with 
y 2 as m=)/7 + (10 consecutive "5" digits) + y 2 + (10 consecutive "5" digits). 

5. Compute c = m 2 (mod n). 

6. c is the cipher text message. 
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Step 3) Decryption of a message 

To recover cipher text m from c, one should do the following: 

1 . Compute tj = c (r+1)/4 mod r. 

2. Compute t 2 = c (s+1)4 mod s. 

3. Compute x = (A*r*/ 2 + B*s*f 7 ) mod n. 

4. Compute y = (A*r*/ 2 - B*s*/;) mod n. 

5. Using x and y, we get four messages m u m 2 , m 3 and m 4 as follows: 

6. m! = x, m 2 = -x, m 3 = y, and nru = -y. 

7. One of the four is the original message m and we can identify the original message by using 
the redundant consecutive bits which is appended at the last of original message m. 

8. Now by using the message m, we find the plain text as follows 

9. We divide the message m into two sub blocks yl and y2 by using the redundant consecutive 
bits added at the end of yl. 

10. For two successive blocks yl and y2 solve 
Compute x = y 2 (yi a ) _1 (mod p). 

11. x is the wanted block of plaintext. 

IV. Comparison between IEC and ElGamal Cryptosystem 

4.1 Simulation Results 

For the simulation purpose, IEC cryptosystem is implemented as a user-friendly GUI. This GUI 
application is implemented using Java Biglnteger library functions [6]. In this application, one can 
either enter the prime numbers or can specify the bit length of the prime numbers to generate 
automatically. Biglnteger library provides operations for modular arithmetic, GCD calculation, 
primarily testing, prime generation, bit manipulation, and a few other miscellaneous operations. The 
simulation of the algorithm, implemented in JAVA [6], running on a 2.8 GHz P-IV Processor and 512 
MB RAM, using a 1000 characters long message for encryption/decryption. In this section, we 
investigate the issues of complexity, efficiency and reliability by running the program with different 
sets of data. 

The comparison between both algorithms, are analyzed by giving the same data as input and changing 
only one parameter at a time while keeping the other parameter unchanged. The PKC algorithms 
(ElGamal & IEC) have some important parameters affecting its level of security and speed [1]. The 
complexity of decomposing the modules into its factors is increased by increasing the module length. 
This also increases the length of private key and hence difficulty to detect the key. The algorithm 
depends mainly on the prime number whose value depends on the number of bits used to generate this 
prime. It also depends on the private key, the input message and the chunk size {cut length) of the 
block message [1]. The key generation, encryption, decryption time is depends on the speed of the 
processor and the RAM. The results are shown through the graph on the basis of the readings in the 
Table 1 for the Module Size 2048 bit. Actually the module size is varying from 256 bit to 2048 bit, 
but we are showing results only for Module Size 2048 bit. 

4.1.1 Changing the length of the prime number (p) length/module size (n) 

The value of the prime number (p), plays an important role in forming the values of the public key (p, 
alpha, beta) and hence the encrypted message pair (yl, y2). This prime number is a function of the 
number of bits used to generate it. Changing this bit number is directly reflected on the length of the 
other parameter as shown in Table 1. 

The length of the module size (n) is directly proportional to its generating number of bits since the 
maximum value of (p).The length of encrypted message (yl, y2) also increase as a function of the 
prime number (p). As a result, increasing the n-bit length provides more security. On other hand by 
increasing the n-bit length increases the values of key generation time, encryption time and decryption 
time as shown in Figure 1 and 2. 
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Figurel. Modulus (N) Size (bit) v/s Encryption time (ms), taking size of Private Key (a) 32 bit and Chunk Size 
64 bit. 
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Figure2. Modulus (N) Size (bit) v/s Decryption time (ms), taking size of Private Key (a) 32 bit and Chunk Size 
64 bit 

4.1.2 Changing the private key length 

The private key plays an important role in generating the public key and ciphertext values. To study 
the performance of private key, the value of module size (n) and chunk size is fixed and the value of 
private key is changed. The Figure 3 and 4 shows the speed of encryption and decryption with 
variable private key. 
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Figure3. Private Key (a) size v/s Encryption time, taking Modulus (N) size 2048 bit and chunk size 64 bit. 
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Figure4: Private Key (a) size v/s Decryption time, taking Modulus (N) size 2048 bit and chunk size 64 bit. 

4.1.3 Changing the cut length (or chunk size) 

To study the performance of chunk size the value of module size (n) and private key kept unchanged 
and change the value of chunk size. The Figure 5 and 6 shows the speed of encryption and decryption 
with variable chunk size is continuously decrease. 

Table 1: Effect of changing the Chunk Size and Private Key with the constant module size (N) 2048 bit 



Module 


pskc 


Private 

Vsfce 
(bit) 


(.'hunk 
Size 
:hih 


EI.GAIULCRYPTC5Y5TEM 


IEC 


kej 

feneration 
lime i m i 


Hncrypiiim 

lime irnsl 


Decry pi ion 
lime iniJO 


ToUJ 

EttflUHMI 
III !■ 


General wn 
UnKimsj 


Kncr>p(ion 

timMllH) 


Decryption 

iLnKimKi 


Tobl 
Baarita 

lim-imKi 


2MB 


1024 


32 


64 


15 


31] 


187 


500 


1753L 


1141 


imb 


L6750 


2MB 


L024 


32 


I2E 


15 


63 


94 


157 


1753 L 


14] 


6031 


6L72 


2MB 


1004 


32 


m 


15 


4b 


47 


93 


17531 


47 


2766 


2813 


2MB 


1024 


32 


SI2 


15 


31 


16 


47 


1753L 


lb 


L344 


13(90 


2MB 


1004 


64 


64 


US 


250 


359 


■■r. 


L0078 


797 


160(2 


L6S59 


2MB 


1024 


64 


125 


US 


63 


172 


233 


LOOTS 


U4 


6140 


b234 


2MB 


1024 


64 


256 


]b 


32 


99 


125 


LOOTS 


91 


2313 


2907 


2MB 


L024 


64 


512 


us 


US 


47 


63 


LOOTS 


15 


1407 


1422 


2MB 


1024 


I2B 


64 


us 


2BI 


6S7 


.-. 


15b25 


797 


Ib2l? 


L701* 


2MB 


1024 


III 


O 


us 


63 


175 


438 


15625 


141 


6297 


6438 


2MB 


1024 


I2B 


2% 


lb 


31 


Lfr 


188 


15b25 


47 


2360 


2WJ7 


2MB 


1024 


128 


512 


us 


31 


7B 


109 


15b25 


15 


1351 


1405 


2MB 


1024 


25* 


64 


us 


250 


L2£5 


1515 


LOSS59 


875 


17406 


13231 


2MB 


1024 


m 


128 


us 


63 


672 


735 


10SS59 


\: 7 > 


G735 


6860 


2MB 


1024 


25* 


256 


lb 


31 


32S 


m 


L08S59 


47 


3031 


307B 


2MB 


1024 


25* 


512 


us 


US 


156 


172 


LOS359 


lb 


1531 


"f 



548 



Vol. 2, Issue 1, pp. 543-551 



International Journal of Advances in Engineering & Technology, Jan 2012. 

©IJAET ISSN: 2231-1963 



Encryption Time (ms) 




— ♦ ElGamal 

Encryption 
Time (ms) 

— ■ IEC 

Encryption 
200 400 600 Time (ms) 

Chunk Size (bit) 

Figure5. Chunk size v/s Encryption time, taking size of Modulus (N) 2048 bit and size of Private Key 32 bit. 
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Figure6. Chunk size v/s Decryption time, taking size of Modulus (N) 2048 bit and size of Private Key 32 bit. 

4.2 Complexity analysis of IEC cryptosystem 

Let n be the module used in the Elgamal cryptosystem. Elgamal encryption, decryption, each take 2n 
time scalar point multiplication and 2n times multiplication operation. Rabin encryption takes one 
modular multiplication and one modular squaring. Rabin decryption is slower than encryption; it 
means the complexity of Rabin system is as factoring a large number n into its two prime factors p 
and q. So in this way, computational complexity of IEC cryptosystem depends on 2n times scalar 
point multiplication and factoring of two large prime numbers p and q. The simulation results of both 
the algorithms shows that the execution time of IEC is 2 times more than ElGamal. 

V. Security Analysis 

Two possible approaches to attack the IEC / ElGamal algorithms are as follows [6, 7]: 

• Brute force: This involves trying all possible private keys. 

• Mathematical attacks: These are based on factoring the product of large primes such as factor n into 
its prime factors p and q respectively. 

Estimated resources needed to factor a number within one year are as follows [8]. 

Table 2: Recourses needed to factor a number within one year 
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The security of our scheme is based on both Integer Factorization Problem (IFP) [5] and Discrete 
Logarithm Problem (DLP) [5], it is very difficult for an illegal user to compute the secret key 'a' from 
the equation beta = alpha fl (mod p). It is also difficult for an intruder to obtain the system-generated 
random numbers r and s directly from equation A*r + B*s = 1 of IEC Algorithm. The difficulty relies 
on the complexity of computing discrete logarithm over finite fields. In integer factorization problem 
(IFP) finding large prime numbers is a relatively easy task, the problem of factoring the product of 
two such numbers is considered computationally intractable if the primes are carefully selected. For 
long-term security, 1024-bit or larger module p should be used in discrete logarithm problem (DLP) 
and integer factorization problem (IFP). 

The discrete logarithm problem can be solved by naive [2], baby-step/giant-step [2] and Pollard's rho 
algorithm [2]. Because of these algorithms, the security of Elgamal cryptosystem is broken by the 
Low-Modulus [4] and Known-Plaintext attack [4]. As the IEC cryptosystem uses dual modulus, so for 
breaking this one have to factor both the modulus. That's why our cryptosystem provides the far 
better security against the naive, baby-step/giant-step and Pollard's rho algorithm and attacks on 
Elgamal cryptosystem. 

VI. Conclusion 

The ElGamal cryptosystem is secured against passive attack but not against adaptive attack. Efficient 
algorithms for the discrete logarithm problem would render the ElGamal Cryptosystem insecure. So 
to improve the security, this paper presents an Intensified Elgamal Cryptosystem (IEC). IEC 
algorithm is based on the combination of factorization of large number and the discrete logarithm 
problem. So if one want to break the IEC, one have to factor large numbers into its prime factors and 
also have to solve discrete logarithms problems. This paper also shows comparisons among IEC and 
ElGamal cryptosystems in terms of security & performance. The disadvantage of new cryptosystem is 
that, unlike Elgamal it can not be used for authentication as it is based on the one way function. 
Another disadvantage is the slow down of execution process as compare to Elgamal. But it is clear 
from the simulation results that it is more secure than the Elgamal algorithm and our cryptosystem 
provides the far better security against the naive, baby-step/giant-step and Pollard's rho algorithm 
and attacks on Elgamal cryptosystem. 
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Abstract 

In this paper, a new three-phase four-wire distribution static compensator (DSTATCOM) based on a Phase- 
Shifting transformer (PST) and a three-leg voltage source converter (VSC) is proposed for power quality 
improvement. The Zigzag Phase-Shifting transformer mitigates the circulating power flows in interconnected 
utilities and the three-leg VSC compensates harmonic current, reactive power and balances the load. The 
principle of PST is to take harmonics generated from separate sources, shift one source of harmonics 180° with 
respect to the other and then combine them together; this will result in cancellation. This type of transformer 
has patented built-in electromagnetic technology designed to remove high neutral current and the most harmful 
harmonics from the 3 r through 21 st . The interesting aspect of such phase shifters is that despite their low MVA 
capacity, by controlling the phase shift, they exercise a significant real-power control. The insulated gate 
bipolar transistor (IGBT) based VSC is supported by a capacitor and is controlled for the required 
compensation of the load current. The dc bus voltage of the VSC is regulated during varying load conditions. 
The performance of the three-phase four-wire DSTATCOM is validated using MATLAB software with its 
Simulink and power system blockset toolboxes. 

KEYWORDS' Distribution Static Compensator (DSTATCOM), Neutral Current Compensation, Power 
Quality Improvement, Phase -Shifting Transformer (PST), Voltage Source Converter (VSC) 

I. Introduction 

Three-phase four-wire distribution systems are facing severe power quality problems such as poor 
voltage regulation, high reactive power and harmonics current burden, load unbalancing, excessive 
neutral current, etc. Three-phase four-wire distribution systems are used in commercial buildings, 
office buildings, hospitals, etc. Most of the loads in these locations are nonlinear loads and are mostly 
unbalanced loads in the distribution system. This creates excessive neutral current both of 
fundamental and harmonic frequency, and the neutral conductor gets overloaded. The voltage 
regulation is also poor in the distribution system due to the unplanned expansion and the installation 
of different types of loads in the existing distribution system. In order to control the power quality 
problems, many standards are proposed, such as the IEEE-519 standard [6]. 

There are mitigation techniques for power quality problems in the distribution system and the group 
of devices is known by the generic name of custom power devices (CPDs) [1]. The distribution static 
compensator (DSTATCOM) is a shunt-connected CPD capable of compensating power quality 
problems in the load current. Some of the topologies of DSTATCOM for three-phase four-wire 
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system for the mitigation of neutral current along with power quality compensation in the source 
current are four-leg voltage source converter (VSC), three single-phase VSCs, three-leg VSC with 
split capacitors [3], three-leg VSC with zigzag transformer [7]-[9] and three-leg VSC with neutral 
terminal at the positive or negative of dc bus [10]. The voltage regulation in the distribution feeder is 
improved by installing a shunt compensator [11]. There are many control schemes reported in the 
literature for control of shunt active compensators such as instantaneous reactive power theory, power 
balance theory, synchronous reference frame theory, symmetrical components based, etc. [12], [13]. 
The synchronous reference frame theory [12] is used for the control of the proposed DSTATCOM. 
In this paper, a new topology of DSTATCOM is proposed for a three-phase four-wire distribution 
system, which is based on three-leg VSC and a Zigzag Phase-Shifting transformer (PST). Harmonic 
cancellation is performed with harmonic cancelling transformers also known as phase-shifting 
transformers. A harmonic cancelling transformer is a relatively new power quality product for 
mitigating harmonic problems in electrical distribution systems. This type of transformer has patented 
built-in electromagnetic technology designed to remove high neutral current and the most harmful 
harmonics from the 3 rd through 21 st . The technique used in these transformers is call "low zero phase 
sequencing and phase shifting". These transformers can be used to treat existing harmonics in 
buildings or facilities. This same application can be designed into new construction to prevent future 
harmonics problems. The insulated gate bipolar transistor (IGBT) based VSC is self-supported with a 
dc bus capacitor and is controlled for the required compensation of the load current. 

PCC 
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Fig. 1. (a) Single-line diagram of DSTATCOM system, (b) Phasor diagram for UPF operation, (c) ZVR 
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Fig. 2. Block diagram of the proposed three-leg VSC with Phase- Shifting transformer based DSTATCOM 

connected in distribution system. 

The DSTATCOM is designed and simulated using MATLAB software with its Simulink and power 
system blockset (PSB) toolboxes for power factor correction and voltage regulation along with neutral 
current compensation, harmonic elimination, and load balancing with linear loads as well as nonlinear 
loads. 
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II. System Configuration and Design 

Fig. 1(a) shows the single-line diagram of the shunt-connected DSTATCOM based distribution 
system. The dc capacitor connected at the dc bus of the converter acts as an energy buffer and 
establishes a dc voltage for the normal operation of the DSTATCOM system. The DSTATCOM can 
be operated for reactive power compensation for power factor correction or voltage regulation. Fig. 
1(b) shows the phasor diagram for the unity power factor operation. The DSTATCOM injects a 
current I c such that the source current is only I s , and this is in-phase with voltage. The voltage 
regulation operation of DSTATCOM is depicted in the phasor diagram of Fig. 1(b). The 
DSTATCOM injects a current I c such that the voltage at the load (V s ) is equal to the source voltage 
(Ym). 

The proposed DSTATCOM consists of a three-leg VSC and a Phase-Shifting transformer is shown in 
Fig. 2, where the Phase-Shifting transformer is connected in Zigzag - delta configuration. The Zigzag 
Phase-Shifting Transformer block implements a three-phase transformer with a primary winding 
connected in a zigzag configuration and a configurable secondary winding. The model uses three 
single-phase, three-winding transformers. The primary winding connects the windings 1 and 2 of the 
single-phase transformers in a zigzag configuration. The secondary winding connects the windings 3 
of the single-phase transformers in delta configuration. 

A three-leg VSC is used as an active shunt compensator along with a Phase-shifting transformer, as 
shown in Fig.2, and this topology has six IGBTs, three ac inductors, and one dc capacitor. The 
required compensation to be provided by the DSTATCOM decides the rating of the VSC components. 
The VSC is designed for compensating a reactive power of 12 kvar, as decided from the load details. 
The selection of interfacing inductor, dc capacitor, and the ripple filter are given in the following 
sections. 

2.1. DC Capacitor Voltage 

The minimum dc bus voltage of VSC of DSTATCOM should be greater than twice the peak of the 
phase voltage of the system [17]. The dc bus voltage is calculated as 

2V21/ 

where m is the modulation index and is considered as 1, and V LL is the ac line output voltage of 
DSTATCOM. Thus, V dc is obtained as 677.69 V for V LL of 415 V and is selected as 700 V. 

2.2. DC Bus Capacitor 

The value of dc capacitor (C dc ) of VSC depends on the instantaneous energy available to the 
DSTATCOM during transients [17]. The principle of energy conservation is applied as 



fc dc [(vl)-(vL). 



= 3V(fll)t (2) 



where V dc is the reference dc voltage and V dc \ is the minimum voltage level of dc bus, a is the 
overloading factor, V is the phase voltage, / is the phase current, and t is the time by which the dc bus 
voltage is to be recovered. 

Considering the minimum voltage level of the dc bus, V dci = 690 V, V dc = 700 V, V = 239.60 V, / = 
27.82 A, t - 350 |as, a = 1.2, the calculated value of C dc is 2600 juF and is selected as 3000 |iF. 

2.3. AC Inductor 

The selection of the ac inductance (L f ) of VSC depends on the current ripple / cr>p _ p , switching 
frequency f s , dc bus voltage (Vdc), and L^is given as [17] 
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V3mV 

L f = — uu 



i2*f.i 



(3) 



slcr(p-p) 



where m is the modulation index and a is the overload factor. Considering, / crp _ p = 5%,f s = 10 kHz, m 
= 1, y dc = 700 V, a = 1.2, the Rvalue is calculated to be 2.44 mH. 

2.4. Ripple Filter 

A low-pass first-order filter tuned at half the switching frequency is used to filter the high-frequency 
noise from the voltage at the PCC. Considering a low impedance of 8.1 Q for the harmonic voltage at 
a frequency of 5 kHz, the ripple filter capacitor is designed as C f = 5 |uF. A series resistance (R f ) of 5 
Q is included in series with the capacitor (Q). The impedance is found to be 637 Q at fundamental 
frequency, which is sufficiently large, and hence, the ripple filter draws negligible fundamental 
current. 

2.5. Design of the Phase-Shifting Transformer 

A basic three-phase Zigzag-delta transformer consists of a Zigzag-connected primary and a delta- 
connected secondary. The zigzag part is accomplished by winding half of the primary turns of one 
phase of the transformer on one leg of the three-phase transformer, with the other half of the primary 
turns on an adjacent phase. The schematic diagram of the basic Zigzag-delta transformer is shown in 
fig.3 (a) below: 

From the figure 3(a) we can seen that A and A' are wound on the same leg similarly B and B' are so 
wound as well as C and C\ In operation, the harmonics current flow from the harmonics generating 
loads into the transformer primary windings. With all triplen-harmonics current are in phase with each 
other, by vector analysis, the positive and negative flux interaction in the zigzag is "cancelling" these 
triplen-harmonics. Hence there is reduced harmonics current flowing back into the primary and 
system. 
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Fig. 3. (a) Zigzag-Delta Transformer Connection. 
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Fig. 3. (b) Phasor diagram. 

Delta connected secondary winding transformer will force the triplen harmonics to circulate at its 
secondary winding and eliminated balanced triplen harmonics. From the phasor diagram Fig. 1(b), it 

1 
can be found that the voltage across the transformer's winding is — i=of the phase voltage of the 

V3 
three-phase four-wire distribution power system. 



III. Control of DSTATCOM 

The control approaches available for the generation of reference source currents for the control of 
VSC of DSTATCOM for three-phase four-wire system are instantaneous reactive power theory 
(IRPT), synchronous reference frame theory (SRFT), unity power factor (UPF) based, instantaneous 
symmetrical components based, etc. [12], [13]. The SRFT is used in this investigation for the control 
of the DSTATCOM. A block diagram of the control scheme is shown in Fig. 4. The load currents (i La , 
iLb, iixX the PCC voltages (V Sa , V S b , V Sc ), and dc bus voltage (V dc ) of DSTATCOM are sensed as 
feedback signals. The load currents from the a-b-c frame are first converted to the a-|3-o frame and 
then to the d-q-o frame using 







• 




lLq 


2 


lLd 


~3 






Ilo 









2n lit 

COS# COS(# ) COS(#H ) 

3 3 

2tz In 

sin6> sin(# ) sin(6> + — ) 

3 3 
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2 



2 



lLa 

l.Lb 

Ilc 



(4) 



where cos 9 and sin 9 are obtained using a three-phase phase-locked loop (PLL). A PLL signal is 
obtained from terminal voltages for generation of fundamental unit vectors [18] for conversion of 
sensed currents to the d-q-o reference frame. The SRF controller extracts dc quantities by a low-pass 
filter, and hence, the non-dc quantities (harmonics) are separated from the reference signal. The d-axis 
and g-axis currents consist of fundamental and harmonic components as 



lLd 
lLq 



-Id dc J-d ac 
_ • _|_ • 
i-q dc J-q ac 



(5) 
(6) 
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Fig. 4. Control algorithm for the three-leg-VSC-based DSTATCOM in a three-phase four- wire system. 

3.1. UPF Operation of DSTATCOM 

The control strategy for reactive power compensation for UPF operation considers that the source 
must deliver the mean value of the direct-axis component of the load current along with the active 
power component current for maintaining the dc bus and meeting the losses (/i oss ) in DSTATCOM. 
The output of the proportional-integral (PI) controller at the dc bus voltage of DSTATCOM is 
considered as the current (/ loss ) for meeting its losses 



1 



■loss(n) i-loss(n-l) 



+ 



KndV 



Vde(n)-V 



pd V V de(n) 



n-l)/ + Kid 



de(n-l) 



Vde(n 



de(n) 



(7) 



where V de ( n ) = V dc - V dC (n) is the error between the reference (V dc ) sensed (V dc ) dc voltages at the nth 
sampling instant. K pd and K id are the proportional and integral gains of the dc bus voltage PI controller. 
The reference source current is therefore 



Id J-d dc lloss 



(8) 



The reference source current must be in phase with the voltage at the PCC but with no zero-sequence 
component. It is therefore obtained by the following reverse Park's transformation with i d as in (12) 
and iq and i * as zero 



cos# sin# 1 

2k 2k 

cos(0 ) sin(0 ) 1 

3 3 

2k 2k 

cos(0 + — ) sin(0 + — ) 1 

3 3 



(9) 



3.2. Zero-Voltage Regulation (ZVR) Operation of DSTATCOM 

The compensating strategy for ZVR operation considers that the source must deliver the same direct- 
axis component i d *, as mentioned in (12) along with the sum of quadrature-axis current (i q dc ) and the 
component obtained from the PI controller (i qr ) used for regulating the voltage at PCC. The amplitude 
of ac terminal voltage (V s ) at the PCC is controlled to its reference voltage (V s ) using the PI 
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controller. The output of PI controller is considered as the reactive component of current (i qr ) for zero- 
voltage regulation of ac voltage at PCC. The amplitude of ac voltage (V s ) at PCC is calculated from 
the ac voltages (V Sa , V Sb , V Sc ) as 



V s =(2/3) 1/2 (V sa 2 + V sb 2 + V sc 2 ) 1/2 



(10) 



Then, a PI controller is used to regulate this voltage to a reference value as 

lqr(n) _ lqr(n-l) JVpq \Vte(n) Vte(n-l)/ JViq Vte'^ ^ 



te(n) 



where V te (n) = V s - V S ( n ) denotes the error between reference (V s ) and actual (V S ( n )) terminal voltage 
amplitudes at the n th sampling instant. K pq and K iq are the proportional and integral gains of the dc bus 
voltage PI controller. The reference source quadrature-axis current is 



• • _|_ • 

lq lq dc Iqr 



(12) 



The reference source current is obtained by reverse Park's transformation using (13) with i d * as in (12) 
and i q * as in (16) and i * as zero. 

3.3. Computation of Controller Gains 

The gains of the controllers are obtained using the Ziegler-Nichols step response technique [19]. A 
step input of amplitude (U) is applied and the output response of the dc bus voltage is obtained for the 
open-loop system. The maximum gradient (G) and the point at which the line of maximum gradient 
crosses the time axis (T) are computed. The gains of the controller are computed using the following 
equations: 

1.2U 

(13) 



K P 



K, 



GT 

0.6U 



GT 



(14) 



The gain values for both the PI controllers are computed. 




Fig. 5. MATLAB model of the Zigzag-delta configuration of the Phase- Shifting transformer and the three-eg 
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VSC based DSTATCOM connected system. 

3.4. Current-Controlled Pulse Width Modulation (PWM) Generator 

In a current controller, the sensed and reference source currents are compared and a proportional 
controller is used for amplifying current error in each phase before comparing with a triangular carrier 
signal to generate the gating signals for six IGBT switches of VSC of DSTATCOM. 

IV. Modeling and Simulation 

The three-leg VSC and the Phase-Shifting Transformer based DSTATCOM connected to a three- 
phase four-wire system is modeled and simulated using the MATLAB with its Simulink and PSBs. 
The ripple filter is connected to the DSTATCOM for filtering the ripple in the PCC voltage. The 
MATLAB-based model of the three-phase four-wire DSTATCOM is shown in the Fig.5. The Phase- 
Shifting transformer in parallel to the load, the three-phase source, and the shunt-connected three-leg 
Voltage Source Converter are connected as shown in the Fig.5. The available model of Zigzag Phase- 
Shifting transformer is used for modeling the Zigzag-delta configuration of the Phase-Shifting 
transformer. 

The control algorithm for the DSTATCOM is also modeled in MATLAB. The reference source 
currents are derived from the sensed PCC voltages (V sa , V sb , V sc ), load currents (i La , i Lb , i Lc ) and the dc 
bus voltage of DSTATCOM (V dc ). A PWM current controller is used over the reference and sensed 
source currents to generate the gating signals for the IGBTs of the VSC of the DSTATCOM. 

V. Results and Discussion 

The performance of the Phase-Shifting Transformer and three-leg-VSC based three-phase four-wire 
DSTATCOM is demonstrated for power flow control, power factor correction and voltage regulation 
along with harmonic reduction, load balancing, and neutral current compensation. The developed 
model is analyzed under linear load the results are discussed shortly. 




Fig. 6.(a) PCC Voltage (V) 




Fig. 6.(b) Source current (A) 
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Fig. 6.(c) Load current (A) 




Fig. 6.(d) Source-neutral current (A) 




1.2 1.4 1.6 1.i 



Fig. 6.(e) Compensator-neutral current (A) 




Fig. 6.(f) DC Bus Voltage (V) 

5.1. Performance of DSTATCOM with linear load for Neutral Current Compensation, 
Load Balancing, UPF Operation and Zero- Voltage Regulation Operation 

The dynamic performance of the DSTATCOM under linear lagging power factor unbalanced load 
condition is shown in Fig. 6. At 0.6 s, the load is changed to two-phase load and to single-phase load 
at 0.7 s. These loads are applied again at 0.8 and 0.9 s, respectively. The PCC voltages (V s ), source 
currents (i s ), load currents (i L ), compensator currents (i c ), source-neutral current (i Sn ), load-neutral 
current (i Ln ), compensator-neutral current (i Cn ), dc bus voltage (V dc ), and amplitude of voltage (V s ) at 
PCC are also depicted in Fig. 6. The source-neutral current is observed as nearly zero, and this 
verifies the proper compensation. The reactive power is compensated for power factor correction, and 
the source currents are balanced and sinusoidal. It is also observed that the dc bus voltage of 
DSTATCOM is able to maintain close to the reference value under all disturbances. Its total harmonic 
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distortion is low. The amplitude of PCC voltage is maintained at the reference value under various 
load disturbances, which shows the ZVR mode of operation of DSTATCOM. 

5.2. Experimental Demonstration of the Performance of Zigzag Phase-Shifting 
Transformer 

The proposed topology of DSTATCOM consists of combined operation of three-leg VSC and a 
Zigzag Phase-Shifting transformer. As the performance of a three-leg VSC and a zig-zag transformer 
is studied in [9], the Zigzag-delta configuration of the Phase-Shifting transformer is analyzed for the 
compensation of neutral current. A prototype of the Zigzag-delta configuration of the Phase-Shifting 
transformer is developed in the laboratory and the neutral current compensation technique is tested for 
linear and nonlinear loads. The Phase-Shifting transformer is tested for neutral current compensation 
under unbalanced linear loads and balanced/unbalanced nonlinear loads. When the load is nonlinear 
and balanced, the load-neutral current is observed to be mainly triplen harmonics current, and this is 
compensated using the Phase-Shifting transformer. 

VI. Comparison With Other Techniques 

A three-leg single-phase-VSC-based DSTATCOM [3] requires a total of 12 semiconductor devices, 
and hence, is not attractive, and the three-leg VSC with split capacitors [3] has the disadvantage of 
difficulty in maintaining equal dc voltage at two series-connected capacitors. The four-leg-VSC-based 
DSTATCOM [3] is considered as superior considering the number of switches, complexity, cost, etc. 
The proposed three-phase-four-wire DSTATCOM is based on a three-leg VSC and a Phase-Shifting 
transformer. A three-leg VSC with zig-zag and delta configuration of Phase-Shifting transformer has 
the advantage of using a passive device for neutral current compensation, reduced number of 
switches, use of readily available three-leg VSC, etc. It is observed that the KVA rating of the PST is 
less compared to the T-connected transformer. Similarly, comparison with the four-leg converter 
shows that the number of switches are reduced in the proposed configuration, thus reducing the 
complexity and cost of the system. The total harmonic distortion of the Zigzag-delta configuration of 
the Phase-Shifting transformer is less compared to any other techniques. The advantage of the PST is 
that their low MVA capacity and it improves the stability of the power system. The T-connected 
transformer requires two single-phase transformers, whereas the zig-zag transformer reported in [9] 
has three single-phase transformers with a turn's ratio of 1:1. A star/delta trans-former is also reported 
[20] for neutral current compensation and the kVA rating required is higher compared to Phase- 
Shifting transformer. Table I shows the rating comparison of the three transformer techniques for a 
given neutral current of 10 A. But the disadvantage of the proposed topology is that it requires the 
protection of PST. 

Table 1. Comparison of Rating of Transformer Connections. 



Transformer 


Winding Voltage (V) 


Winding Current (A) 


KVA 


Total KVA 


T-connected 


240/120/120 
208/208 


10 


2.4 
2.08 


4.48 


Star/Delta 


240/240 


10 


2.4 


7.2 


Zigzag Phase- 
Shifting 


120/120 


10 


1.4 


4.2 



VII. Conclusion 

The performance of a new topology of three-phase four-wire DSTATCOM consisting of three-leg 
VSC with a PST has been demonstrated for reactive power compensation, harmonic elimination, load 
balancing and mitigating circulating power flows in interconnected utilities. The voltage regulation 
and power factor correction modes of operation of the DSTATCOM have been observed and are as 
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expected. The PST improves the transient stability of a power system. It is also observed that the 
Phase-Shifting transformer helps in damping low frequency power oscillations. The dc bus voltage of 
the DSTATCOM has been regulated to the reference dc bus voltage under varying loads. The total 
kilovolt-amperes rating of the PST is lower than the T-connected transformer for reactive power 
compensation. The PST has verified that it is effective in compensating the reactive power, zero 
sequence fundamental and harmonic currents. We found that harmonic mitigation techniques using 
Zigzag-delta transformers are a viable choice for mitigating rich triplen harmonics in four-wire 
electrical distribution system. As comparison made in term of costs, Zigzag-delta Phase-Shifting 
transformers show that low cost as to compare with active filter and other types of harmonic 
mitigation. The proposed approach is much simpler, cheaper and reliable compared to approaches 
using active filters. The costs comparison with active filter as shown below: 

Active Filter - RM1750/kVA 

Transformer - RM 300/kVA 
Zigzag-delta Phase-Shifting transformers are also significantly reduced neutral current flowing back 
to the system almost up to 90%. 
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Abstract 

In this paper, the mathematical models required to describe the functionality of nanodevices have been 
reviewed. Based on these mathematical models sensor equivalent circuits have been developed. An experimental 
setup is developed to analyze the characteristics of IS Field Effect Transistor (ISFET), nanowire and 
nanosphere devices. The impact of geometrical properties on device performance is estimated based on the 
experimental setup. Settling time and surface analyte concentration graphs obtained using the experimental 
setup is used in designing a nanobio sensor for disease detection. Based on the test results, a mathematical 
model has been developed in Matlab to model nanodevices. Three different iterations of sensor models are 
carried out based on the results obtained curve fitting techniques are adopted to generalize the developed 
sensor model using Savitzky-Golay Filter (SG Filter). The sensors modeled can be used for automated drug 
detection and delivery unit. In this paper it is proposed to develop a methodology for integrating biosensor 
models from nanohub.org and Matlab. The model for nanowire based sensor may be developed using basic 
principles and can be characterized using experimental setup. Sensor array model consisting of 64 nanowires is 
proposed to develop to detect prostate cancer. A control unit that triggers the sensor array may be developed 
and can be used in measuring the concentration of analyte solution. The location of nanowire sensors on the 8 x 
8 matrix can be distributed using Gaussian distribution function. A new sensor array consisting of planar sensor 
and nanowire sensor may be developed to increase the sensitivity of the system in detecting prostate cancer. 
Expert system based on feed forward neural network architecture may be designed and modeled for ovarian 
cancer classification. A two layered network consisting of sigmoid transfer function and pure lin function may be 
designed. Optimum weights for the layers are to be identified using Back propagation Levenberg-Marquardt 
(LM) algorithm. Linear Discriminant Analysis (LDA) and Principle Component Analysis (PCA) techniques are 
to be incorporated into the expert system that classifies the cancer cells based on significant features extracted. 
A Proportional-Integral-Derivative (PID) controller may be modeled to control the diffusion pump and 
monitoring of drug diffusion. The output of expert system should drive the PID control for drug diffusion. Field 
Programmable Gate Array (FPGA) implementation of neural network architecture and PID controller may be 
designed and developed for optimizing area, speed and power performances. The modules can be integrated to 
form the automated disease detection and drug delivery unit. 

The developed sensor model for nanowires match the sensor models available from standard resources with less 
than 2% deviation. Prostate Specific Antigen (PSA) antibody and Deoxyribonucleic Acid (DNA) as biomarkers 
for detection of prostate cancer based on sensor array is built. The sensor array model achieves 91% efficiency 
and is superior compared with existing design. The expert system developed correctly classifies ovarian cancer 
98% times, with only 2% error. The decision produced by the expert system drives PID controller to activate the 
diffusion pump, the PID controller has overshoot error of less than 12% with settling time less than 10ms. 
FPGA implementation of expert system operates at maximum frequency of 293 MHz occupies less than 148 
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slices when targeted on Virtex 4 FPGA. For real time disease detection and diagnosis, the developed system can 
be incorporated into a biochip. 

KEY WORDS' Nanobio Sensors; Disease Detection; Sensor Modelling; Nanowire; PSA 

I. Introduction 

Exhaustive studies and developments in the field of nanotechnology have been carried out and 
different nanomaterials have been utilized to detect cancer at early stages [Ludwig, j. et al (2005)]. 
Nanomaterials have unique physical, optical and electrical properties that have proven to be useful in 
sensing. Quantum dots, gold nanoparticles, magnetic nanoparticles, carbon nanotubes, gold nanowires 
and many other materials have been developed over the years. Nanotechnology has been developing 
rapidly during the past few years and with this, properties of nanomaterials are being extensively 
studied and many attempts are made to fabricate appropriate nanomaterials [Catalona, w. (1996), 
Ushaa eswaran, et al ( 2006) ]. Due to their unique optical, magnetic, mechanical, chemical and 
physical properties that are not shown at the bulk scale, nanomaterials have been used for more 
sensitive and precise disease detection. For developing a system to detect disease, software modeling 
is one of the major requirements. Matlab environment is predominantly used for developing software 
reference models. Various sensor models (electrical and mechanical) are already inbuilt in Matlab and 
are readily available for development of automotive and mechanical system [Ushaa eswaran et al 
(2009), (2004), Beckett, m. et al (1995)]. There are a large number of nanobio sensors that are being 
used for medical applications in disease detection. There is a need for a mathematical model of 
nanobio sensor for developing a software reference model in disease detection using Matlab. Thus in 
this work, we develop a mathematical model for nanowire, that is used for cancer detection. Section II 
discusses the geometrical and mathematical models of nanowires. Section III discusses the diffusion 
capture model that is used for modeling nanosensor, section IV presents the experimental setup for 
simulation of nanowire sensors and design of biosensors. Section V presents the Matlab models 
developed based on the simulation results obtained and Savitzky-Golay Filter technique to improve 
the accuracy of sensor models developed. 

II. DNA SENSORS 

Human genomes have billions of DNA base spheres to sense the DNA sequence. Arrays of sensors 
are used for genome sensing. Nanobio sensor consists of X-Y array of elements. These elements 
further consist of pixels called as electronic components [Ludwig, j.(2005)]. Each component is a 
sensor that can be a nanowire transistor, carbon nanotube, planar transistor etc. Each element has a 
unique and known DNA sequence (genome) bound to the sensor. As in figure 1, Ql is one such 
sequence consisting of ACGAT [Henderson, c. et al ( 1998), Dandachi, n. et al (2002) Molina, r. et al 
(2008)] molecule arranged in an order. Each location in the X-Y array has a known sequence attached 
to it. Figure 1 shows the array of sensors, and the corresponding DNA sequence attached to the 
sensor. 



T- T— J— — 1— ^— T— 1— "I— 1— 





Figure 1 Nanosensor array and DNA sensor [Landman, j. et al (1998)] 

When an unknown DNA sequence is introduced into the XY array, the unknown sequence finds its 
conjugate in the XY array and binds with the DNA sequence present on the array as shown in Figure 
2. Since the DNA sequence at every location along the XY array is known, the binding of unknown 
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sequence with known DNA sequence modulates the current in the corresponding element in the XY 
array. 



f s response 





Time 

Figure 2 DNA strand and sensor response time [Landman, j. et al (1998)] 

Thus by detecting the amount of current change, the corresponding concentration of unknown DNA 
sequence in a given electrolyte is detected. This is the basic principle of detection in nanobio sensor. 
Figure 2 shows the change in conduction of sensors due to detection of unknown sequence. There are 
different kinds of nanobio sensors such as Chem FET, IsFET, Nanowire, Nanosphere, Nanodots and 
Carbon Nano Tube [CNT]. Sensitivity is one of the major parameter that needs to be considered to 
select an appropriate sensor for drug delivery. Sensors consist of source and drain regions placed 
above a gate. Gate consists of receptors that capture the unknown molecules that diffuse across the 
target molecules. Figure 3 shows the two basic kinds of sensor (ISFET and Nanosensor). 

ISFET 



Nanosensor 



* T 



IT ? 



J**% 





Figure 3 ISFET and Nanosensor [Landman, j. et a I (1998)] 

Current flows between source and drain, and the molecules that are bound to the sensor determine the 
soruce-drain current. The sensitivity of such sensor is found to be between molar and few micro molar 
(10" 6 M) [Landman, j. et al (1998)]. This is a very small value. It is therefore essential that sensors 
should have higher sensitivity for diseases detection. To improve sensitivity of a sensor for bio 
applications, CNT where introduced. The sensitivity of CNT sensors compared with nanosensor was 
increased by several orders of magnitude (femto molar) for biomedical applications. In order to 
further improve sensitivity, nanodots can also be used. It is found in the available literature that the 
cylindrical or nanowire sensors are much better than planar sensor. The reason for this lies in the 
geometry of electrostatics. In a nanowire, the unknown molecules surround the gate consisting of 
receptor molecules as compared to a planar transistor where the receptor molecules are on top of the 
plane. Thus there is a higher sensitivity in nanowire. The currents in nanowires are in tens of 
nanometer dimension, which is very large. The cross section of nanowire sensor is shown in figure 4. 
The nanowire is immersed in water or pH containing material and the DNA molecules are swimming 
around in the electrolyte. 



566 



Vol. 2, Issue 1, pp. 564-577 



International Journal of Advances in Engineering & Technology, Jan 2012. 

©IJAET ISSN: 2231-1963 



* /W{t}) 




Figure 4 Diffusion region and sensor detection boundary [Landman, j. et a I (1998)] 

In order to understand or model sensor for use in drug delivery applications, it is essential to analyze 
the working principle of nanowire sensor and develop mathematical relationships that can be used in 
sensor design. A sensor consisting of numerous receptors is shown in figure 4. The unknown 
molecules (target) are captured by the receptors as they diffuse along the surface of receptors, only 
when the unknown molecule has s conjugate sequence compared to the receptor sequence. It is 
essential to establish the relationship between number of molecules detected, current, time involved in 
detection and concentration of molecules. 

III. Diffusion-Capture Model [Landman, j. et al (1998)] : 

There are two equations that explain the diffusion-capture activity in a nanobio sensor. The capture 
equation is as shown in (1): 



k r (N -N}p s 



k R N 



dt [1] 

N is the number of conjugated molecule, N is the initial number of molecules (receptors, blue y 
shaped). The number of conjugated is proportional to number of unconjugated molecules and is 
determined by (N -N), where k F is reaction constant. There are possibilities of molecules that are 
bound to deconjugate due to chemical reaction. The second term k R N represents the number of 
deconjugated molecules (k R is reverse reaction constant). Deconjugation is very weak in nanobio 
sensors, and hence the diffusion equation can be approximated to the equation as shown in (2): 
dN 

dt f of-s [2] 

p s is the surface concentration of the captured molecules. As the molecules present in the electrolyte 
diffuse across the receptors, the diffusion equation is given in (3) 

dp 



dt 



= DV z p 



[3] 



D is the diffusion coefficient; p is the concentration of molecules. This equation defines that the 
molecules have to diffuse around the sensor surface before they could be captured. It is essential to 
establish an analytical solution for the above two equations in order to understand the sensitivity of 
sensors. The diffusion-capture equation [Prow, t.w. et al (2005), Prow, t.w. et al (2006), Prow, t.w. et 
al (2006) ] needs to be solved to understand the behaviour of the sensor. The solution for number of 
molecules captured and is given in (4). This work is published in the Imanager journal [Ushaa. S.M. et 
al (2010)] 



JV(/) = /V 



k F N Q 



[4] 



The equation (4) is used to compute the number of molecules that have been captured for a certain 
period of time. The capacitance Co is chosen based on different kind of sensor being used. Thus it can 



567 | 



Vol. 2, Issue 1, pp. 564-577 



International Journal of Advances in Engineering & Technology, Jan 2012. 

©IJAET ISSN: 2231-1963 

be seen that the dimensionality of sensor influences the number of molecules captured, thereby 
affecting the sensitivity of the sensor. The above analysis is carried out assuming steady state analysis, 
i.e. the concentration of diffusion is constant within the outer boundary. In order to model the sensor 
behaviour in transient state, figure 5 shows a sensor at the centre, and the analyte with unknown 
molecules (blue). The sensor captures the molecules closer to it and as the distance increases the 
analyte concentration increases, and the molecules closer to the sensor are being captured (white). 




Figure 5 Diffusion changes 
As the boundary of diffusion changes and is time dependent, the factor W is time dependent. The 
boundary surface increases with time as in figure 6. 



1V ^. ^** W{t) = ^2nDT 



Figure 6 Variable diffusion boundaries \ www.nanohub.orgl 

Thus the diffusion concentration is varying with time and the modified equations for N(t) is given in 
equation in (5). 
D 




log(V4D7+V a ) 

_ 4xD 

For different sensors as shown in figure 7, the factor W changes with the geometry. 



[5] 



ISFET 



N j lowire sensor 
(n=2) 




W=(2Dt) 1fi 



I 



W=(4Dt) 1fi 






W=(6Dt) in 

/'fN 



Figure 7 Different types of sensors [WWW.nanohub.org] 
Based on the modified equation -V(t)given in equation (6), mathematical models for nanowire sensor 

is developed. The value of CV for a transiet behaviour is given in equation (5). 






(6) 



Choosing appropriate values for C t , the geometries of the sensor, three different sensors can be 
modelled. For different sensors as shown in figure 7, the factor W changes with the geometry. 
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IV. Experimental Setup And Sensor Characterization 

Based on the mathematical models discussed, biosensor tool available in Nanohub.org is used for 
simulation of ISFET, nanowire and nanosphere. For a biosensor the most important parameters that 
are required are: 

Size of micro channel: 5mm x 0.5mm x 50um 

Flow rate of fluid in the channel: 0.15ml/h 

Concentration of antigens in fluid: 2 ■ 10~ 15 ■ 6 ■ 10 23 ~10 9 

Number of antigens through channel per hour:1.5xl0~ 4 xl0 9 ~ 10 5 (~ 42 per second) 

Total area occupied by Antibodies: 5mmx0.5mm ~ 25xl0" 7 m 2 

Area of one Si NW occupied by Antibodies (Assumption: r~10nm, l~2um): 27irl ~ 1.26xl0" 15 

m 2 

Target receptor conjugation 

Type of antigen: DNA 

Ratio between total occupied area and Si NW: 2xl0 9 

Mean time between one antigen reacts with one antibody on the Si NW: <3 minutes 
Based on the above parameters, the parameters in the biosensor lab is developed and the models 
available in the sensor lab are simulated. Figure 8 shows the experimental setup using the biosensors 
lab for simulating three different sensors. 



Design parameters 
for nanodevices 



Biosensor 



i 



Simulation results: 



Settling time 
Analyte concentration 
Conjugate receptor density 



Selection of devices 
ISFET, nanowire, Nanosphere 



Figure 8 Experimental setup for sensor characterization 

V. Characteristics of silicon nanowire 

A silicon nanowire is developed with the following parameters, the VI characteristics of the nanowire 
is simulated using the biosensor tool. Sensor parameters: Diameter of silicon nanowire: lOnm, Oxide 
thickness: 5nm, Gate length: 50nm, Channel doping: 1 e+21 /cm 3 . Analyte concentration parameter is 
varied from 0.1 to 1 nmol/L, corresponding changes drain current in the nanowire sensor is 
determined. Figure 9 shows the graph of concentration vs. device current characteristics for nanowire 
sensors. 
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Figure 9 Concentration vs. device current 
Table 1 shows the equivalents in terms of voltage samples for various sets of iterations carried out. 
The results have been obtained using Matlab simulations. 
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Figure 10 shows the graphical display of three different iterations of the sensor model. From the 
graphs shows that the variation in sensor currents is nonlinear and is also consists of noise. 
A work on sensor array design for disease detection and classification is carried out and published in 
Inderscience Journal [Ushaa. S.M, et al (2011) ] 
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Figure 10 Concentration Vs. Sensor Currents for Three Iterations 

4.2. Mathematical models for nanowire sensor: 

From the results obtained using biosensor lab, a Matlab model is developed for silicon nanowire. The 
Matlab model is based on the results obtained in Table 1. The experimental setup developed using 
biosensors lab is used to identify the equivalent current values that flow in the drain of nanowire 
sensor with changes in analyte concentration. During the experimental setup, 135 different values of 
analyte concentration are set to identify the variations in drain current. The analyte concentration is 
varied from 0.1 to 0.5 mmol/L, corresponding drain currents are identified and recorded. The Matlab 
model is a look up table of these values obtained in the biosensor lab. Figure 10 shows the top level 
diagram of Matlab model for nanowire sensor. 



Input (Analyte concentration) 



Look up table for 
nanowire sensor 



Output (Drain current) 



Figure.10 Matlab model developed using look up table 

In order to generalize the sensor models for all possible input conditions, it is required to extend the 
sensor model for generic inputs. In this work, curve fitting techniques have been adopted to improve 
the performance characteristics of sensor models. Next section discusses the curve fitting techniques 
for sensor model development. 

VI. Curve Fitting Techniques 

There are four different steps in curve fitting, they are 1> Data Transformation, 2> Smoothing and 
filtering 3> Curve Fitting and 4> Residual Analysis. 

5.1 Data transformations 

Changing variables through data transformations may lead to a simplified relationship between the 
transformed predictor variable and the transformed response. As a result, model descriptions and 
predictions may be simplified. Common transformations include the logarithm ln(y), and power 
functions such as y m , y l . Using these transformations, one can linearize a nonlinear model, contract 
response data that spans one or more orders of magnitude, or simplify a model so that it involves 
fewer coefficients. In this work, as the simulation results obtained are not nonlinear throughout the 
span of input samples, data transformation techniques are not adopted. 

5.1.1 Smoothing and filtering 



571 | 



Vol. 2, Issue 1, pp. 564-577 



International Journal of Advances in Engineering & Technology, Jan 2012. 

©IJAET ISSN: 2231-1963 

There are four different filtering types they are: Moving average filter, Savitzky-Golay Filtering, 
Local Regression Smoothing and Smoothing Splines. Moving average filter smooths data by 
replacing each data point with the average of the neighboring data points defined within the span. This 
process is equivalent to lowpass filtering with the response of the smoothing given by the difference 
equation 



y s (i) = 



2JV + 1 



ty{i + N) + y(i + N-l) + ...+y(i-N)) 



(7) 

where y s (i) is the smoothed value for the ith data point, N is the number of neighboring data points on 
either side of y s (i), and 2N+1 is the span. Limitations of moving average filter are: 

• The span must be odd. 

• The data point to be smoothed must be at the center of the span. 

• The span is adjusted for data points that cannot accommodate the specified number of 
neighbors on either side. 

• The end points are not smoothed because a span cannot be defined. 

Savitzky-Golay filtering can be thought of as a generalized moving average. You derive the filter 
coefficients by performing an unweighted linear least-squares fit using a polynomial of a given 
degree. For this reason, a Savitzky-Golay filter is also called a digital smoothing polynomial filter or a 
least-squares smoothing filter. Note that a higher degree polynomial makes it possible to achieve a 
high level of smoothing without attenuation of data features. The Savitzky-Golay filtering method is 
often used with frequency data or with spectroscopic (peak) data. For frequency data, the method is 
effective at preserving the high-frequency components of the signal. For spectroscopic data, the 
method is effective at preserving higher moments of the peak such as the line width. By comparison, 
the moving average filter tends to filter out a significant portion of the signal's high-frequency 
content, and it can only preserve the lower moments of a peak such as the centroid. However, 
Savitzky-Golay filtering can be less successful than a moving average filter at rejecting noise. Figure 
1 1 shows the filter sensor current samples using Savitzky-Golay filter. From the results shown, it is 
found that the noise in the sensor currents are filtered and hence improves the performance of the 
sensor models. 




5 10 15 20 25 30 35 

Figure 11 Savitzky-Golay Filtering of Sensor Currents 

Curve fitting requires a parametric model that relates the response data to the predictor data with one 
or more coefficients. The result of the fitting process is an estimate of the model coefficients. To 
obtain the coefficient estimates, the least-squares method minimizes the summed square of residuals. 
The residual for the /th data point r { is defined as the difference between the observed response value 
y- x and the fitted response value y- x A , and is identified as the error associated with the data and is given 
by: 
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r i = y l -y l 

residual = data -fit 

(8) 

The summed square of residuals is given by 

i = 1 i = 1 ^ 

where ^ is the number of data points included in the fit and S is the sum of squares error estimate. The 
supported types of least-squares fitting include: 

• Linear least squares 

• Weighted linear least squares 

• Robust least squares 

• Nonlinear least squares 

A linear model is defined as an equation that is linear in the coefficients. For example, polynomials 
are linear but Gaussians are not. To illustrate the linear least-squares fitting process, suppose you have 
n data points that can be modeled by a first-degree polynomial. 

y = /?!JC + /? a 

(10) 
To solve this equation for the unknown coefficients p x and p 2 , you write S as a system of n 
simultaneous linear equations in two unknowns. If n is greater than the number of unknowns, then the 
system of equations is over determined. 

n 

8= X^-tPA + Pa))* 

1 = 1 (ii) 

Because the least-squares fitting process minimizes the summed square of the residuals, the 
coefficients are determined by differentiating S with respect to each parameter, and setting the result 
equal to zero. 

as 



^- = -2 ^x l (y l -(p 1 x l + p 2 )) = 



as 



= -2^(y l -(P 1 x l +Pz)) = Q 



dp c 

> = 1 (12) 

The estimates of the true parameters are usually represented by b. Substituting b x and b 2 for/?! and/? 2 , 
the previous equations become 



J d x l (y l -(b 1 x l +b 2 )) = 



(13) 
where the summations run from i =1 to n. The normal equations are defined as 

b 1 ^x l + nb 1 = £>- 

(14) 
Solving for b { 
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n lL x i -^ x ^ 

(15) 



Solving for b 2 using the b x value 

b i = -(^y l - h i^i) 



(16) 

As you can see, estimating the coefficients p x and p 2 requires only a few simple calculations. 
Extending this example to a higher degree polynomial is straightforward although a bit tedious. All 
that is required is an additional normal equation for each linear term added to the model. 
In matrix form, linear models are given by the formula 

y=xp + * (1?) 

where 

• y is an n-by-1 vector of responses. 

• P is a m-by-1 vector of coefficients. 

• X is the n-by-m design matrix for the model. 

• £ is an n-by-1 vector of errors. 

Based on the discussions carried out in this section, least squares technique is adopted for 
interpolation and curve fitting of sensor model results. Sensor data captured using nanohub simulation 
is imported into Matlab, SG filtering is adopted to smoothen the noise from the sensor model, and is 
interpolated using least square curve fitting technique. Thus in this work, least square method based 
curve fitting technique is adopted. Based on the LS method, the residual for the /th data point r t is 

defined as the difference between the observed response value y t and the fitted response value, and is 
identified as the error associated with the data. 

n =yi-y r « < 18 ) 

residual = data - fit 

From a given set of data points, the residual is computed as in equation (18), based on the 
residuals obtained the summed square of residuals is computed as in equation (19) 
The summed square of residuals is given by 

s= 2; : =1 ^ 2 = Z; : =1 0i-yv) 2 d9) 

Knowing the residual of a curve or set of data points, an equation as given in (20), expresses the 
relationship between input samples x and output y. 

y = p 1 x + p 2 (20) 

Finally the curve fitted data points are obtained as in equation [21] 

S= Z^iCft-CPiKiH-Pz))' 

[21] 

.V is the concentration of analyte solution and S is the drain current. In this work, the three iterations 
are expressed in terms of mathematical equations using curve fitting technique i.e 51, 52 and S3 are 

computed and finally the average of three is considered for modelling of sensor as given in equation 

(22) 

51 = sum^l - {p^l + p a )) 2 

52 = sum[v t 2 — (_p ± x t 2 ■+ p^)) 

53 = 5UTn(y;3 — (PiJTjS — 352))* 

S finel = (51 +52 + 53 )/3 (22) 
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The response of nanowire sensor computed based on the model developed is used in detection of 
various diseases and is used in design of automated drug delivery unit. In order to validate the 
interpolated sensor model, a new iteration (iteration 4), is considered with change in input parameters 
as presented in figure 8. The sensor model parameters are varied and a new experiment is conducted 
to measure the variation in sensor current for different sets of molecular concentration. In figure 12, 
the graph (blue) is the variation in sensor currents for variation in molecular concentration. Graph 
(green) is the sensor current obtained based on curve fitting techniques. From the comparison of these 
two graphs, it is found that the variation in the actual model and the curve fitted model are similar, but 
there is a scaling difference. This is due to amplification factor in the mathematical equation. In order 
to improve the linearity between actual models and the mathematical model, SG filtering is adopted 
on the captured signal from the simulation results. Curve fitting techniques are adopted after filtering, 
thus eliminate the noise in the captured signal as well as reduce the intensity of scaling factor. The 
results are obtained based on SG filtering and curve fitting is shown in Figure 12. From the obtained 
results it is found that the curve fitted model after SG filtering matches with the actual sensor model 
in terms of both variation and intensity. From the results obtained it is found that the error between 
actual and improved sensor model is less than 0.8. 
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Figure 12 Perfromance Comparison of Sensor Models 
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VII. Conclusion 

Automated disease detection and drug delivery unit that can be used for detection and monitoring of 
cancer is proposed, designed, modeled and implemented in this work. For the first time, a software 
reference model for the complete unit as a system is developed and analyzed for its functionality. An 
exhaustive literature review on various diseases and remedies to cure the diseases is carried out. The 
procedures and methods adopted by doctors to detect and diagnose patients with diseases are 
explored. Challenges in disease diagnosis is identified and reported in this work. It is found that with 
the growth in population and with changes in environmental conditions human race is prone to 
various diseases. In this paper, we have analyzed the mathematical models for nanowire sensors and 
the variation in sensor properties with geometrical parameters. Experimental setup is developed to 
simulate three different nanosensors (ISFET, nanowire and nanosphere). Sensitivity of nanosphere is 
found to be better than nanowire and ISFET, however, it is practically difficult to realize nanosphere. 
Thus nanowire sensor is selected for system level design (disease detection), nanowire sensor is 
simulated and its response to variations in analyte concentration is identified. The developed 
mathematical model is validated against biosensor model, the results shows that both the models have 
linear variations for changes in analyte concentration, but there is an error of 0.8 (maximum), between 
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the drain currents of biosensor model and Matlab model. This can be minimized by developing 
accurate results using the biosensor model for large number of analyte concentration. The 
mathematical model developed can be used to model different sensors using Matlab. The sensors can 
be interfaced with signal conditioning circuits and control unit for automated disease detection and 
drug delivery. 
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Abstract 

In this work, we consider the Cauchy problem for Laplace equation which is to complete the missing data on a 
part of the boundary from the over specified conditions on the other part. Among the existing method to solve 
this ill-posed problem, we find the iterative algorithm (KMF standard algorithm) proposed by Kozlov, Mazya 
and Fomin. This algorithm requires a large number of iterations to complete convergence. Therefore, we 
propose an alternating iterative algorithm (KMF developed algorithm) to ameliorate the accuracy of the 
solution and reduce the number of iterations needed to achieve convergence. This algorithm is inspired by the 
KMF standard algorithm and the numerical tests performed to study the influence of data problem on the 
convergence rate. The implementation of this algorithm is performed by the finite element method using the 
software Freefem. The numerical tests developed show the effectiveness of the proposed algorithm since it 
allows to have more accurate results as well as reducing the number of iterations needed for convergence. 

KEYWORDS' Inverse problem, Laplace equation, iterative method, Freefem. 

I. Introduction 

We consider an inverse problem for Laplace equation called data completion problem, which aims at 
recovering missing conditions on some inaccessible part of the boundary (which cannot be evaluated 
due to the physical difficulties or inaccessibility geometric) from the over specified boundary data on 
the remaining part of the boundary. 

This kind of problem arises in many industrial, engineering or biomedical applications under various 
forms: identification of boundary conditions or physical parameters entering into its formulation, 
expansion of measured surface fields inside a body from partial boundary measurements. This last 
application can be the first step in general parameter identification problems where only partial 
boundary data are available. The more common problem, borrowed from thermostatic, consists in 
recovering the temperature in a given domain when its distribution and the heat flux are known over 
the accessible region of the boundary [1],[2]. 

This problem is ill-posed in the sense of Hadamard [3], since the existence, uniqueness and stability 
of the solution are not always assured [4], [5], [6]. Solving this problem by direct method is very 
difficult and leads to unstable solutions because a small perturbation of data provides a large 
difference between the solution obtained by disturbed data and that obtained by undisturbed data. 
Many performing numerical methods have been developed to overcome the ill-posed nature of this 
kind of problem. There are two types of methods: probabilistic [7] and deterministic [8]. 
Among the deterministic method we find, the lost ancient of them is the one, based on optimization 
tools, introduced by Kohn and Vogelius [9], we mention the method of Quasi-reversibility introduced 
by Lates since 1960 [10] , and recently used by [11], [12], Thikhonv method [13] and the iterative 
method. 

The group of iterative method has the advantage to allow any physical constraints to be easily taken 
into account directly in the scheme of the iterative algorithm and simplicity of the implementation 
schemes. One possible disadvantage of this kind of method is the large number of iterations that may 
be required in order to achieve convergence. 
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The (KMF) algorithm proposed by Kozlov, Mazya and Fomin [14] is a very interesting iterative 
method developed since 1991 and has been the subject of several theoretical and numerical studies 
[15], [16], [17]. This method consists to solving alternately two well-posed problems in order to 
determine a convergent sequence to missing data on the inaccessible part of the boundary. However, 
its only inconvenience is the large number of iterations needed to achieve the convergence. To 
overcome this problem, relaxation methods have been developed by introducing a relaxation 
parameter in the Dirichlet condition or Neumann obtained after solving the two problems posed of the 
algorithm [18]. In addition, studies were made on the choice of the optimum parameter to ameliorate 
the rate of convergence of the algorithm [19]. 

In this paper, we propose an alternative iterative method based on the (KMF) method and the 
numerical tests performed on the influence of data problem on the rate of convergence [20], showing 
that the number of iterations decreases if the inaccessible part of the boundary is more smaller and 
two conditions are not needed on the whole accessible part to complete the remaining data. This 
algorithm that we call "KMF developed Algorithm" reduces considerably the number of iterations 
required to achieve convergence with greater accuracy. 

After a presentation of the Cauchy problem for Laplace equation and a description of the 
mathematical algorithm proposed by Kozlov, Mazya and Fomin, the KMF developed algorithm is 
presented, see Section 2. Furthermore, in Section 3, various types of convergence, accuracy criteria 
and stopping criterion for the algorithm are considered. Many experiments are presented, including 
the comparison between the KMF algorithm standard and the KMF developed algorithm. The 
numerical results reveal several features of the alternative iterative numerical implementation that is 
proposed. 

II. Mathematical Formulation 

Consider an isotropic homogeneous medium consisting of an open bounded domain Q with a 
piecewise smooth boundary where r = T ul^ uT 2 ur 3 , mes{T ) ^ and mes (T 2 ) ^ , 

mes (T 2 ) > mes (r o ) . 

In the direct problem formulation, if the temperature T and the heat flux d n T are known, then the 

temperature distribution in the domain can be calculated. However, many experimental impediments 
may arise in measuring or enforcing a complete boundary specification over the whole boundary T . 
The problem is to construct a harmonic function u solution of the Cauchy problem for the Laplace 
equation: 

(AT = on £1 (!) 

[TfT, = f> ^n T ,T2 = k > T ,T2 = S> T ,T3 = k (2) 

where / and g are prescribed functions and n is the outward normal vector to the boundary T. In 
the above formulation of the boundary conditions (2), it can be seen that the boundary T 2 is over 
specified by prescribing both the temperature g and the heat flux/z; whilst the boundary r o is 
underspecified since both the temperature T and the heat flux d n T /r are unknown and have to be 
determined. 
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r 3 e n T=k 



d n T=?,T=? T 



AT = on n 



T a T = gand d n T = h 



Ti T = f 
Figure 1. Schematic diagram showing the prescription of the boundary conditions (2) 

Given the ill-posed aspect of this problem, because its solution if it exists is unstable; this problem 
cannot be solved by direct methods. However, the problem has a unique solution on h {1) (Q.) when the 

problem data are compatible; but this solution unstable when the data on T 2 are disturbed. Therefore, 

we use a convergent iterative algorithm first proposed by Kozlov, Mazya and Fomin since 1991 

which is described in Section 2.1. 

At this stage, it is also worth mentioning that the analysis of this study related to the Laplace Eq. (1) 

can be extended to nonlinear heat conduction governed by V.(fc(r) V7j = where k(T) is the 
thermal conductivity [21]. 

2.1. Description of the KMF standard algorithm 

j_ j_ i_ _j_ 

Consider the Cauchy problem (l), (2) with feH 2 (T x ), geH 2 (T 2 ), heH~ 2 (T 2 ), keH~ 2 (T 3 ). 

The iterative algorithm investigated is based on reducing this ill-posed problem to a sequence of 

mixed well-posed boundary value problems and consists of the following steps: 

i 
Step 1. Specify an initial guess u e H 1 (r o ) for the temperature T on the boundary r o . 

Step 2. Solve the following mixed well-posed boundary value problem: 

on £1 



Ar (0) =o 



J°) 



^ ~~ M o' °V /r 2 -" 



J°) 



= /, 



(o) 

^ /r, = ^ 



,(°) 



/r n "0' ^n /n, "' * /r\ 

To obtain v^dX'/r, 
Step 3. For n > 1, solve alternatively the two mixed well-posed boundary value problems: 

AT (2n-l) =Q on ^ 

(2n-l) _( 2 "-!) 



dj 



/r 



: Vp T 



IT, 



(2«-l) ^ (2b-1) 



and 



1 ,t U„ , 



AT { 

(In) 



on 



To obtain u n =T 
£1 



(2»-l) 



/r\ 



/r n 



/r 



dT 



(2n) 



IT, 



K t /r< =/, d n r 



To obtain v = 3.X 



/r\ j 9 ^n* /r 3 

J2»-1) 

Step 4. Repeat step. 3 from n)\ until a prescribed stopping criterion is satisfied 

2.2. Remarks 

ll i/ 

• Kozlov, Mazya et Fomin showed that for f E H* (r x ) ,g E H 2 (r 2 ) , k E H '2 (r 3 ) 



(3) 
(4) 

(5) 

(6) 

(7) 
(8) 
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and h E H~ ' 2 (T 2 ) , the KMF standard algorithm that consists of the steps described above 

produces two convergent sequences both in H 1 (Q) to the solution T of the Cauchy problem 

i 

(1) , and that for any initial guess u E Hz(r ). 

• The same conclusion can be obtained if at the step 1, one considers a given initial guess the 

i i 

form v E H~z (T ) instead of the initial guess u E H* (T ), and modifies accordingly the 
steps (2) and (3) of the algorithm. 

• The algorithm would not converge if in the step 3 the mixed problems were replaced by 
Dirichlet or Neumann problems. 

• The algorithm was found to produce an accurate and stable numerical solution for the Cauchy 
problem. However, one possible disadvantage of the method is the large number of iterations 
necessary to achieve convergence if the initial guess is far from the exact solution. 

2.3. Description of the KMF developed algorithm 

In this study we develop a new algorithm called "KMF developed Algorithm" in order to improve the 
rate of convergence of the iterative algorithm described. 

The numerical results obtained by studying the influence of data problems, particularly; the 
relationship between the measure of the inaccessible part of the boundary and the rate of convergence 
have shown that: 

• The convergence is always guaranteed and it is very fast if the measure of the part of the 
boundary to be completed is small. 

• The convergence requires much more iterations if the inaccessible part is greater. 

The main idea of the algorithm alternative proposed is based on the use of the previous results and the 
KMF standard algorithm by completing the missing data in alternative way to the two sub-parts of the 
inaccessible boundary. The inaccessible part is subdivided in two parts, and the KMF standard 
algorithm is used to complete the data in the first part, then to complete the data in the second part in 
an alternative way. For this, we consider r o =r oi ur o2 such that r o { n T 2 = and 

mes ( r o,i) = mes ( r o,i) 

The algorithm consists of the following steps: 

Step 1. Specify an initial guess u e H 2 (r o ) for the temperature T on the boundary T . 
Step 2. Solve the following mixed well-posed boundary value problem: 
Ar (0) =0 on £1 

\T {0) - 3 T (0) -/ T (0) - f T (0) -7 

To obtain v 01 = d T ° ^ and v 02 =d n T ° /Tq2 (10) 

Step 3. For n > 1 , solve the two mixed well-posed boundary value problems: 

Ar (2w_1) =o on a 

(2b-1) (2b-1) (2n-l) (2n-l) (2n-l) (H) 

v„T , r — v 1f)1 , oT /r =v 9m1 , T /r = f , T ,r — f dr /r =k 

n /l n i \,n— 1 ' n /l o l,n— 1 ' /I, </ ' /l? J n /K 



0,2 
(2„-l) 

To obtain u ln =T IT ^ 
AK {2n - 1] =0 on £1 

(2»-l) (2»-l) (2n-l) (2»-l) (2»-l) 

°n K /r 0i = U l,n> °n K /r 02 = V 2,„-P K /r, = /' K ir 2 =8 On K IT, 



(12) 
(13) 



To obtain u „ = K /r (14) 

Next, we solve the two mixed well-posed boundary value problem 
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Ar 2n) =0 on Q. 

f>-\ (2b) (2b) (2b) (2b) 

~ u \,n^ T /r 02 ~ u 2,n> * /ri =/ 5 <V /r 2 = "' °^ /r 3 = ^ 



(15) 



1 0,1 



Toobtain v, =3 T <2 "' (16) 



y l,n "n* /r t 

A£ (2h) =0 on H 

(2b) (2b) (2b) (2b) (2b) 

K /r 04 =Vi.„, A - /rw ="2,„» ^ / ri =/. 3 „* /r 2 =/ *> »„* /r 3 =^ 



(17) 



T W • 3 ^ (18) 

To obtain v 9 „ =o ri K /r 

A,n n 2 

Step 4. Repeat step. 3 from n > 1 until a prescribed stopping criterion is satisfied. 

If we consider every iteration to consist of solving the four mixed well-posed problems from the Step 

2 of the algorithm, then for every n > 1 the following approximations are obtained at the iteration 

number n: 

Y(2n-i) an ^ ^(2n-i) f or ^ temperature inside the solution domain £1. 

T^ 2n ^ and K^ 2n ^ for the temperature inside the solution domain CI. 

u ln for the temperature on the r ,i 

u 2>n for the temperature on the r 0|2 

v ln for the heat flux through the boundary r 0i i 

v 2>n for the heat flux through the boundary r 0;2 

It should be noted that: 

S The KMF developed algorithm can be seen as two parallel problems of KMF standard 
algorithm. These two problems are initialized with the same initial data. Each problem allows 
to obtain approximation in each subpart r 0; ; on i = 1,2 (for the approximation in r 0; i the 
two well-posed problems (11) and (15), for the approximation in r 0;2 the two well-posed 
problems (13) and (17) ). 
S Each solved problem allows an approximation in one of the inaccessible subparts that can be 

introduced in the other well-posed problems. 
S The missing Dirichlet condition in the part T can be obtained from the problem (13) since 

the condition u ln = TL n obtained from (11) is introduced in (13) which also provides 

U 2 ,n ~ Vo,2 ' 

S The missing Neumann condition in the part T can be obtained from the problem (17), since 
the condition v ln = d n 7\ r obtained from (15) is introduced in (17) which also provides 

V 2 ,n - ¥/r 0i2 - 

III. Numerical Result and Discussion 

In this section, as a typical example, we consider the example with non-smooth boundary, such as a 

square £1 = (0,L)x(0,L) where L = 1 , namely, the analytical harmonic temperature to be retrieved 

is given by: 

T (x, y ) = cos (x) cosh ( y) + sin (x) sinh ( y) . (19) 

The same example was used by Lesnic et al. [3] and was chosen to ensure that all boundary data is not 
zero. 

For the implementation of the iterative algorithm we use the software FreeFem, and solve the well- 
posed problems in the algorithm by the finite element method. In this example, we use a finite 
element method with continuous piecewise linear polynomials to provide simultaneously the 
unspecified boundary temperatures and the heat fluxes. 
The convergence of the algorithm may be investigated by evaluating at every iteration the error 
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= \\u —T /T . 



2 and e, = 

\l (r ) 



^n^ex/F, 



(20) 

l (r ) 



where u n and v n is the approximation obtained for the function on the boundary r o after n 
iterations and u ex is the exact solution of the problem (1) and (2). However, in practical applications 
the error e u cannot be evaluated since the analytical solution is not known and therefore the error 

£=lk + i-«J L v o) ^ (2D 

where £ is a small prescribed positive quantity has to be used. Alternative stopping criteria can be 
found in [11]. 

The under-specified boundary was taken to be T ={0}x(0,L) , while the over-specified boundary 

is T 2 ={L}x(0,L) . The known boundaries are given by T 3 = (0,L)x{L} and^ = (0,L)x{0} . 

The known conditions are: 

T IY =cos(x) = /z, T IY - cos (L) cosh (y) + sin (L) sinh ( y) -f 

d n T /r =- sin (L) cosh (y) + cos (L) sinh (y) = g 

d n T /r = cos ( x) sinh (L) + sin (x) cosh (L) -k 

And the unknown conditions in the inaccessible part and that can be determined 

/o = r /r = cosh (y) am/ g =d n T /To =-sinh(j) 

An arbitrary function u may be specified as an initial guess for the initial temperature values, but in 
order to improve the rate of convergence of the iterative procedure, we have chosen a function which 
ensures the continuity of the temperature at the endpoints of the space interval and which is also linear 
with respect to the spatial coordinate x. Then, in this example, we consider the initial guess given by 

2 

^o = 1 + y (~ L + sinh (L)) + ^-, y e [0, l] 

that is not too close to the exact solution. 

To implement the KMF developed algorithm, we divided the inaccessible part T in two disjointed 

parts T x and r o 2 , such that r o =r oi ur o2 with r o { n T 2 = and mes (T 1 J = mes (r o 2 J 

We take T 01 ={0}x(0j)and T 02 ={0}x(/,L) with / = - 

The figure 2. and figure 3 . Present a comparison between the numerical results e u and e v obtained 
with the KMF standard algorithm and the KMF developed algorithm. 

It can be seen that the algorithm proposed decreases considerably the number of iteration necessary 
to achieve the convergence that can be reduced, and present a more accurate approximations for both 
Dirichlet and Neumann missing data. 

For the KMF standard algorithm, the error e u after the final iteration 43 is 3.5 10~ 3 . However, with 
the algorithm proposed it is reduced to 8,7 10~ 4 after 35 iterations. 

For the KMF standard algorithm the error e v after the final iteration 42 is 16.1 10~ 3 . However, with 
the KMF developed algorithm it is reduced to 7.4 10~ 3 after 24 iterations. 

Then the new algorithm is more accurate to approximate the Dirichlet and Neumann conditions in the 
inaccessible part. 
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Figure 2. The error e u obtained with the KMF standard algorithm and the KMF developed algorithm functions 
of the number of iterations. 
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Figure 3. The error e v obtained with the KMF standard algorithm and with the KMF developed algorithm 
functions of the number of iterations. 

Figure 4. shows the numerical results obtained in approximating the temperature in the part of the 

boundary T , indicating that from a choice of an initial data, we obtain satisfying results for both 

algorithms. However, the KMF developed algorithm requires less iteration to achieve more accurate 

convergence. 

Figure 5. shows the numerical results obtained in approximating the heat flux in the part of the 

boundary r by the KMF developed algorithm and the KMF standard algorithm in comparison with 

the analytical solution g = d n T /r .The approximating obtained are considered more than 

reasonable, bearing in mind that we have solved a difficult ill-posed problem in a non-smooth 
domain which the improving of the accuracy and the decrease in the rate of convergence 
might have been manifested. 

Such implementation of the algorithm allows us to notice that after the number of iterations is 
sufficiently increased, the error become small; this shows that the numerical solution is accurate and 
consistent with the number of iterations. 
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0,0 



0,2 



Figure 4. The numerical results for the temperature on the boundary r obtained with KMF developed 
algorithm (TNew) in comparison with the analytical solution (Texact), the initial guess (u ) and the solution 
with KMF algorithm(Tstand) 



— ■ — dn stand 
• — dn new 

— ^ — dn exact 



Figure 5. The numerical results obtained using the KMF developed algorithm (dn new) and the result obtained 
using the KMF standard (dn stand) algorithm in comparison with the analytical solution g = d n T /r (dn exact) 

IV. Conclusions 

In this work, an alternative iterative algorithm is proposed for solving a Cauchy problem for the 
Laplace equation. Comparison of numerical results with those obtained by the standard algorithm 
KMF show that the proposed algorithm significantly reduces the number of iterations needed to 
achieve the convergence and produces more accurate results. In addition, it can be concluded that the 
proposed algorithm is very efficient to reduce the rate of convergence. When perturbations are 
introduced into the given date problem the results are stable. Overall, it can be concluded that the 
alternating iterative algorithm (called KMF developed algorithm) proposed produces a convergent, 
stable and accurate numerical solution. 

In this paper, the part of the boundary is divided in two parts. Work is in progress for implementing 
this algorithm by dividing the inaccessible part in more than two parts, and implementing the new 
algorithm in the case of the Cauchy problem for Helmholtz. 
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Abstract 

Routing is always a challenging task in a mobile adhoc network. Several protocols have been proposed for 
adhoc network with different functionality. All the protocols have been designed to determine the routes between 
the communicating nodes based upon different criteria. Due to the movement of the nodes the topology of the 
adhoc network is not fixed and it poses a challenge for the routing protocol to provide a path from the source to 
destination in such a dynamic scenario. High mobility combined with the limited energy supply of the nodes 
affects the performance of the routing protocol. In this paper performance of three major routing protocols 
DSDV, DSR andAODV have been evaluated in different network condition. Protocols are also tested for energy 
consumed during packet transmission, network lifetime, average throughput, packet delivery fraction, end to 
end delay etc. 

KEYWORDS: DSDV, DSR, AODV, Adhoc Network 

I. Introduction 

Mobile adhoc network [6] is a dynamic network formed by large number of nodes. Adhoc network is 
an autonomous network and it works without the aid of any centralizing authority. Due to the mobility 
of the nodes, routing is quite a challenging task. The dynamic topology of the adhoc network leads to 
the frequent breakup of routes. Route failure affects the connectivity of the network. Moreover the 
nodes are dependent on the limited battery power. Power shortage in any node may results in the 
network partitioning. 

There are two types of routing protocols for adhoc network, table driven and on demand routing 
protocol. Table driven protocols are also known as proactive routing protocol. In table driven protocol 
each node maintains the routing information of all the nodes in the network in advance. Routing 
information is periodically updated and exchanged among the neighbor. Periodic exchange of routing 
table information generates large number of overhead bits. DSDV[1] (Destination Sequenced 
Distance Vector) is an example of table driven protocol. Proactive routing refers to the condition that 
whenever a node has some data for a particular destination it can transmit immediately. 
On the other hand reactive routing protocol determines the routes as and when it required by a node in 
the network. On demand route creation significantly reduces the control overhead. Routes are 
determined by sending route request packet to the immediate neighbors in response to the route 
request packet intermediate nodes or the destination replied by unicasting the route reply packet. 
AODV [2] & DSR [3] are the on demand routing protocols. 

The remaining paper is organized as follows: In section 1 DSDV, DSR and AODV protocols have 
been discussed in brief. Section 2 describes the various metrics used for performance evaluation of 
routing protocols. Section 3 contains the simulation parameters for performance evaluation. 
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II. Description of Routing Protocols 

In this section basic features of DSDV, DSR and AODV protocols are summarized. 

2.1. DSDV (Destination Sequenced Distance Vector Routing) 

In this protocol every node in the network maintains the routing tables in which the routing 
information of all possible routes is stored. DSDV protocol is based on the Bellman- ford routing 
protocol. DSDV protocols provide a unique path to the desired destination. The selected path will be 
the shortest route among the entire possible routes. DSDV protocol routing table contains information 
about all the receivers. The entries present in the routing tables are marked with sequence number. 
Routes with the latest sequence number are preferred for making the forwarding direction. In order to 
reduce the amount of control over head the two types of packets are utilized. "Full dump packets" are 
utilized to convey all the available Information where as the second type of packet called Incremental 
packet are sent to convey information that has changed after the last full dump packet. In spite of 
utilizing the incremental packet the DSDV protocols still generates a large number of overhead bits 
making it less suitable for larger network. 

2.2. AODV (Adhoc on Demand Distance Vector Routing) 

AODV routing protocols was designed and developed for MANET. AODV basically is an 
improvement over DSDV. In DSDV the route information of all the possible routes have stored in 
routing table of a node. AODV minimizes the number of route broad last by creating the routes on 
demand basis. AODV provide loop free route and maintain a sequence number which if increased 
every time when ever a change is detected in the environment. Route discovery process requires the 
execution of the following steps :- 

a) If a node has some data to send, it will broadcast a route request message to its neighbors. 

b) Intermediate notes received the RREQ message and store the address of the source node in the 
routing table so that if duplicate RREQ is received in future may be discarded. 

c) If any node has a current route to the destination lies send a response to the source in the form of 
RREP message. The node may be the destination node. 

d) During the reverse movement of RREP, nodes in this path will store the forward route entries for 
setting up of forward route to the destination. The newly determined route is associated with a timer 
which amounts to the time of deletion of the route whenever the route is no larger in use. After the 
route establishment the route maintenance phase is required whenever a movement of nodes along the 
active path may be detracted. Route error message (RRER) is sent to the source node. This message is 
generated by the node which is near to break point. After getting RRER message the source node will 
reinitiate the route discovery procedure. 

2.3. DSR (Dynamic Source Routing) 

Dynamic source routing protocols (DSR) is a reactive on demand routing protocols. In this protocol 
mobile node utilizes the concept to route cache to store the information of routes. If a mobile node has 
some data to send, it first checks its cache to determine the route availability. If an alive route is found 
then the node will send its data along the already existing route. If not, the node will start its basic 
route discovery mechanism by broadcasting route request RREQ message. After recording this route 
request packet the intermediate node will search the route in the cache based upon the information in 
route request packet. If the route to the destination is available they replied back to the source node. If 
the node is not destination node then it add its own address and rebroadcast the message to its 
neighbors. This process will ends at the destination nodes. 

III. Performance metrics 

3.1. Packet Delivery Fraction 

It is defined as the ratio of the packet received by the destination successfully to the total number of 
packets sent by the sender. 

3.2. End to End Delay 

It is defined as the time taken by a packet in reaching to destination from the time it is sent by the 
sender. It includes all kinds of delays like queuing delay propagation delay etc. 
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3.2. Normalized Routing Overhead 

Normalized routing overhead is the number of routing packets transmitted per data packet received at 
the destination. 

3.3. Throughput 

It is defined as total number of packets received by the destination. 

3.4. Energy Consumption per Packet [4] 

It is defined as the total energy balance to the total number of packets delivered to the destination. 

3.5. Network Life Time [4] 

Network life time may be defined as the time when the first node die due to battery failure. 

IV. Simulation Scenario 

DSDV, DSR & AODV protocols have been tested using the network simulator [5] (NS2). It is 
discrete event simulator. This simulator software is widely acceptable among the research community. 
Implementations of DSDV, DSR & AODV protocol are inbuilt in ns2. Protocols are tested for energy 
consumed during packet transmission, network lifetime, average throughput, packet delivery fraction, 
end to end delay etc. 

4.1. First Scenario 

In the first case we have calculated average throughput, packet delivery fraction, normalized routing 
overhead and end to end delay. In this test following parameters have utilized as listed in table 
1. Pause time indicates the mobility of the nodes. Pause time corresponds to the zero seconds indicates 
that mobile node is continuously moving without resting at a point. Whereas 100 seconds pause time 
corresponds to zero mobility. 

Table 1. Parameters 



Parameters 


Value 


Number of Nodes 


50 


Pause Time 


0,10,30,50,70,100 sec 


Number of source 


10 


Rate 


4 packets/sec 


Area 


700*700 


Speed 


20 m/sec 



Figure 1 shows that the Average throughput of the DSR and AODV protocols is much higher than 
DSDV. Effect of mobility on the throughput of DSR & AODV is negligible. Throughput of DSDV is 
increases with the value of pause time. DSDV performs better at low mobility levels 
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Fig 1 Throughput Vs Pause time 
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Figure 2 shows that the end to end delay of AODV is largest than DSR & DSDV. It is because at 
higher mobility, links are frequently broken. Since routes are available in the cache of DSR, hence 
Route discovery procedure is less required than the AODV in which routes are discovered whenever a 
change in the topology is detected. In DSDV routes are known well in advance, hence delay is less. 



End to End delay 
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Fig 2 End to End Delay Vs Pause time 

Routing overhead is also high for AODV than DSR & DSDV at high mobility level as shown in 
figure 3. Since frequent route discovery takes place in the AODV which leads to the generation of 
large number of control packets. DSDV protocol periodically exchange the routing table among the 
neighbor. Therefore it is also generating the significantly control overhead. Route availability in the 
cache makes the DSR most suitable candidate as far as this metric is concerned. 
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Fig 3 Normalized routing overhead Vs Pause time 
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Packet delivery ratio of AODV and DSR are again greater than the DSDV as shown in figure 4. 
Above result indicates that throughput and packet delivery fraction of DSR & AODV is better than 
DSDV. AODV provides the high delay and generates huge control over head. Moderate delay and 
small overhead coupled with high throughput and packet delivery fraction shows that the DSR is the 
best choice among the three protocols for the adhoc network. 

4.2. Analysis on the basis of Energy Metrics 

Further the three protocols have been tested for energy metrics. The metrics considered are Energy 
consumed per packet and for network life time. The following parameters are utilized. 

Table 2 Energy Parameters 



Parameters 


Value 


Number of Nodes 


50 


Pause Time 


0,30,50,70,100 sec 


Number of source 


10 


Rate 


4 packets/sec 


Area 


700*700 


Speed 


5 m/sec 


Energy 


3J 



Fig 5 shows that the energy consumption of DSR is lower than AODV & DSDV. DSR consumes less 
energy than DSDV and AODV because of its route caching strategy. DSDV consumes more energy 
because of its periodic exchange of routing information. At higher level of mobility AODV and DSR 
have the same behavior where as at low level of mobility the performance of DSR is better than 
AODV. This is due to the fact that at higher level of mobility probability of choosing the stale route 
from the cache increases. 
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Fig 5 Energy Consumption Vs Pause Time 
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Fig 6 Network Life Time Vs Pause Time 
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Figure 6 shows the network lifetime of three protocols. As already stated that the network life time[4] 
defined in terms of the time when the first node died due to the battery failure. DSDV has the highest 
network life time. Since DSR depends upon the cache entries so it may be possible that some of the 
nodes will be over utilized than others. Moreover the mobility of the nodes has negligible impact on 
the lifetime. Performance of on demand routing protocols is poor as compared to the proactive 
protocols for this metric. 

Figure 7 shows the pattern of energy consumption with node speed. There are smaller variations in the 
consumption pattern with speed. Energy consumption of DSDV is greater than DSR and AODV. At 
lower value of node speed i.e. at lm/sec energy consumption of AODV and DSDV is almost equal. 
DSR performs better at low speed. It utilizes the route from the cache. At high speed the links are 
broken more frequently due to which caching of route will not provide a great help, rather it increases 
the retransmission of packets due to forwarding on the expired routes. 
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Fig 7 Energy consumption Vs node speed at Pause time 10 seconds 
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Fig 8 Energy consumption vs No. of node at Pause time 10 seconds 

In sparse network all the three protocols consumes equal energy. As the network becomes denser than 
the energy consumption of DSDV increases because the routing information increases with the 
increasing number of nodes and hence circulation of routing table between nodes consumes more 
energy as shown in figure 8. On the other hand in AODV and DSR energy consumption also increases 
with increasing number of nodes. In large networks route maintenance phase consumes more energy 
than route creation phase. Figure 8 suggest that the DSDV is not suitable for large networks. 

V. Conclusion 

In this paper the DSDV, AODV, DSR protocols are tested in different scenario. On demand protocols 
AODV and DSR performs better in terms of average throughput, packet deliver fraction at high node 
speed. AODV has the longest end to end delay because it always establish route on demand basis. 
However cache mechanism of DSR reduces the end to end delay. DSDV because of its proactive 
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nature provides the minimum delay. AODV protocol generates largest control overhead among the 
three protocols. DSR consumes less energy than AODV & DSDV. DSDV provides the maximum 
lifetime than other protocols because DSDV utilizes all the nodes efficiently than others. Energy 
consumption of DSR is less than AODV & DSDV with varying node speed. Similarly DSR performs 
well in high density networks. The above analysis suggests that DSR is most suitable Protocol in 
different network condition. DSR energy consumption is low, provides good throughput, High Pdf 
value Moderate delay. In future more research can be done in order to increase the life time of the 
nodes by energy efficient load balancing techniques. 
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Abstract 

Static VAR Compensator (SVC) is added to the excitation system of a generator in order to enhance damping 
during low frequency oscillations. In this article Linear Quadratic Regulator (LQR) tuning approach and 
Genetic Algorithm (GA) are used to obtain supplementary controller parameters for oscillation damping. The 
performances of SVC without controller, SVC with LQR controller and SVC with GA controller are compared. 
Eleven bus two area four machine system is used for the study. The performance of the GA controller is found to 
be better than the LQR controller and without controller under different operating conditions. A comparison 
between the effect of SVC alone and the proposed GA and LQR is made. 

KEYWORDS' Static VAR Compensator (SVC), GA, LQR, Power system oscillation 

I. Introduction 

Power system oscillations are as a result of lack of sufficient damping torque at the generators rotors 
.This situation may happen as a result of heavy load in the lines, weak interconnection, high gain 
excitation systems etc[l]. The oscillation of the generators rotors cause the oscillation of other power 
system variables such as transmission line active and reactive powers, bus voltage, bus frequency, etc. 
Depending on the number of generators involved, the frequency of the oscillation is usually between 
0.1 and 2Hz [2]. There are several types of oscillations: Local mode, Inter area mode, Control mode 
and Torsion mode[3,12]. Many devices can be used as damping controllers for power system 
oscillation such as flexible ac transmission system (FACTS) devices, power system stabilizers (PSS), 
high voltage dc (HVDC) links, static var compensators, etc. PSS is applied on selected generators to 
damp the local mode oscillation but for inter-area mode oscillation a supplementary controller is 
applied to the SVC devices. In most cases the design of these controllers are based on a linearised 
model which, for wide range of operating points and under large disturbances, will not provide 
satisfactory performance[l]. The main objective of this paper is to compare the performances of 
supplementary SVC controller, genetic-algorithm-based controller and LQR on oscillation damping. 
SIMULINK is used for the simulations in MATLAB environment. 

The remaining sections of this paper are arranged as follows. Section 2 discusses static var 
compensating model. The relevant equations modeling the SVC current and reactance are derived. In 
Section 3 a small overview of Genetic Algorithm (GA) is given. Similarly, overview on LQR is given 
in Section 4. Details of the actual power system model and the results are presented in Section 5. The 
paper is concluded in Section 6. 

II. Static VAR Compensator Model 

SVC consists of reactors and capacitors, with thyristor control valves which are connected in parallel 
with a fixed capacitor bank. It is connected to the transmission line via a transformer as shown in fig. 
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1. The equivalent circuit of the SVC is shown in fig 2. Its position in the transmission line depends on 
the primary usage (i.e. midpoint of long transmission line or near load center) [2]. The voltage of a 
bus is regulated by controlling or adjusting the equivalent reactance of the SVC[2]. This constitutes 
the main function of the SVC. Being an adjustable reactance device, the SVC is capable of 
performing both inductive and capacitive compensation. 




'SVC 



Fig. 1 SVC MODEL 



Fig 2 SVC equivalent circuit 



2.1 Reactive Power Flow Model 

The thyristors conduct during the alternating half-cycles of the voltage waveform depending on the 
firing angle a, which is measured from a zero crossing of the voltage. Full conduction is obtained with 
a firing angle of 90°. The current is essentially reactive and sinusoidal. Partial conduction is obtained 
with firing angles between 90° and 180°. Firing angles less than 90° are not allowed as they produced 
asymmetrical current with a dc component. The effect of increasing the firing angle is to reduce the 
fundamental harmonic components of the current. This is equivalent to an increase in the inductance 
of the reactor, reducing its reactive power as well as its current[6]. The conduction angle o can be 
defined as a function of the firing angle a. 

o = 2(7i-a) (1) 

The instantaneous current in the Thyristor-Controlled Reactor (TRC) is giving by 

- (cos a - cos cot) a<cot <(a + a) 



I(t) = < 



X 7 



(2) 







(a + <j) < cot < {a + n) 



Where CO is the supply voltage frequency, Vis the voltage r.m.s applied to the TRC and X L = coL is a 
fundamental-frequency reactance of the reactor. The fundamental component is found by Fourier 
analysis and is given by 
V (7— sin <7 _ 

h =m Z " LAIr.m.s- 

4 



JT 



We can write equation (3) as 



(3) 



(4) 



Where B L (o) is an adjustable fundamental-frequency susceptance controlled by the conduction angle 
according to the following law 
, v ff — sin a 

nx L (5) 

This can also be written as a function of the firing angle as 



595 



Vol. 2, Issue 1, pp. 594-601 



International Journal of Advances in Engineering & Technology, Jan 2012. 

©IJAET ISSN: 2231-1963 

2(rr - a) -+■ sin 2a 

E ^a) = zt; 

nx±. (6) 

The maximum value of the variable susceptance is l/X L , obtain with o = 180° (a = 90°) and the current 
on the reactor is maximum. The minimum value is zero, obtained with o = 0°(a = 180°). This control 
principle is called phase control [7]. The equation of the equivalent susceptance is given by 
B((0 = B c -B^{&) ^ (?) 

Where B c is the capacitor susceptance, B L is the reactor susceptance. The reactive power injected at 

the SVC node is then given by 

Q{u} = -{B € -B L iuftV* ' (g) 

2.2 System Dynamic Model 

The SVC model with supplementary controller is shown in fig.3. In this model, a total reactance B S vc 
is assumed and the following differential equation holds [2]. 

* svc = (K R (V ref - V T ) - BsvcVTr (9) 

The regulator has an anti-windup limiter, thus the reactance B S vc is locked if one of its limits is 
reached and first derivative set to zero [2]. The supplementary input V ref is to maintain acceptable 
voltage at the SVC bus. TCR of 150MVAr is connected in parallel with fixed capacitor of 200MVAr 
correspond to a limit of 2.0pu to -1.5pu at l.Opu voltage. 

v ref 



x + 



v T W X 



\ 



JJmax 



^►B, 



'SVC 



\+sT R 

i>min 
Fig. 3: SVC model with supplementary controller 



III. Genetic Algorithm 

Genetic Algorithm (GA) is a heuristic search technique based on the evolutionary ideas of natural 
selection. It is usually used to solve optimization problem by random search [3]. GA is not restricted 
by difficult mathematical model and is flexible enough for almost all types of design criteria. GA can 
easily be integrated with already developed analysis and simulation tools [1]. 

There are several methods to select parents from the old population, and there are different GA 
methods that can be used for different selection method. Encoding process is necessary when GA is 
used to solve an optimization problem (i.e. represent the solution in a string form). In most cases the 
binary encoding method is used. Crossover and mutation which are the standard genetic operators are 
operating on the string to search for optimal solutions. The solution to the SVC tuning problem can 
easily be encoded as binary string. 

The most important operator in GA is crossover, and it is applied with probability between 0.6 to 0.9. 
It takes two strings from the old population and exchange some contiguous segment of their structure 
to form two offspring. There are many types of crossovers in GA. Another important operator in GA 
is mutation. In a binary encoded string the mutation operator randomly switch one or more bits with 
some small probability which is typically between 0.001 to 0.09 [9]. 

The genetic algorithm toolbox uses MATLAB matrix function to build a set of versatile tools for 
implementing a wide range of GA methods. The GA toolbox is a collection of routines, written 
mostly in script files (m-files), which implement the most important function in GA[12]. Fig 4 shows 
the simple GA flow chart. 
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Evaluate fitness of the population 
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lYes 
Stop 
Fig 4 simple GA flow chart. 



IV. Linear Quadratic Regulator (LQR) 

Liner quadratic regulator (LQR) provides an optimal control law for a linear system. It's a control 
strategy based on minimizing a quadratic performance index [3, 4]. LQR design problem is that of 
finding a control input u that minimizes the quadratic cost function /, where 



/= I OFQX+U T Rlfidt 



/0 (10) 

Q and R are the state and control weighting matrices and are always square and symmetric. It is 
required that Q be positive semi-definite and R be positive definite. Given a system in state space 
representation 
x = Ax-\- Bu Ql) 

where (A, B) is stable, the optimal control u is define as 

u = -Kx (12) 

The matrix K is giving by 

K-R-W* ^ ^ ' (13) 

The symmetric definite matrix P is the solution of the algebraic Riccati equation given by 
PA + A r P±Q-PBR- 1 B T P=Q ^ (14) 

The closed-loop system which has the optimal eigenvalues is given by 

x = A c x = {A — BK^x ~ -v 

4.1 Selection of Q and R (Weight Matrices) 

Weight matrices Q and R are selected such that the performance of the closed-loop system can satisfy 
the desired requirements. The selection of Q and R is partially related to the performance 
specifications, and certain amounts of trial and error are required with an interactive computer 
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simulation before a satisfactory design results. Now given a linear model one can use either pole 
placement or LQR technique to design full state feedback control given by equation (12). 
The MATLAB function Iqr can be used to find the optimal control gains for a continuous controller. 
One can use the Iqr function for choosing R and Q, which will balance the relative importance of the 
input and state in the cost function that one is trying to optimize. The simplest case is to assume R = I 

(identity matrix) and(? = C *C . LQR method allows for the control of all outputs. The controller 
can be tuned by changing the nonzero elements in the Q matrix to get a desirable response. 
Finding the matrices P and Q is difficult for high order systems. In those cases, approximate solutions 
can be obtained by using a reduced-order model [10]. For convenience a balanced truncation and 
residualization method is used on the system to reduce it from 41- state to 4- state before applying 
LQR on it. 



V. Results 

In this study, a two area interconnected four machine power system, shown in fig. 5, is considered. 
The system consists of machines arranged in two areas inter-connected by a weak tie line [10]. The 
location of the SVC is indicated in the diagram. The system is operating with area one exporting 
400MW to area two. Network and generators data can be found in reference [5]. The SVC is treated 
as a variable capacitance. Simulations were performed in the Matlab using ODE45 solver with a fixed 
step-size of 1ms. 

1 5 6 Q 3 

G1 

in 

11 




L7 




10 




L9 



\7 



SVC 




Fig.5: Two area test system with SVC 

Case 1: for this case study, SVC is connected at bus 8 with normal load demand from area 2 of 
400MW with all the tie line in place. Fig. 6 shows the response for the reactive power at line 7-8 
without controller, with GA and with LQR controller. Fig 7 shows the speed deviation response 
between generator 1 and generator 2 without controller, With GA controller and with LQR controller 
turning the SVC this figure shows the important of LQR and GA turning SVC over SVC alone. Table 
1 shows the values of matrix K (LQR constants) for different cases and for different lines. 

Table 1: LQR Constants. 



Lines 


Case 1 


Case 2 


K (Line7-8) 


0.00 


64.09 


-23.90 


0.00 


0.00 


64.09 


-23.90 


0.00 


K (Line8-9) 


0.00 


17.90 


-3.68 


0.00 


0.00 


26.90 


-3.85 


0.00 
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2.5 



Comparison of LQR and GA for Case 1 
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Fig 6: Reactive power response for line 7-8, case 1 

Comparison between GA and LQR for Casel 
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Fig. 6: Speed deviation between generator 1 and generator 2 

Case 2: For this case study, a three phase faults is applied at bus 8 for a one second cleared after 1.05s 
with normal load demand from area 2 of 400MW and all the tie lines in place and SVC connected at 
bus 8. Fig. 8 shows the response for the reactive power in line 7-8 with GA Controller, without 
controller and with LQR controller. Fig. 9 shows the response for speed deviation between Generator 
1 and 2 with GA controller, LQR controller and without controller. These figures indicate the 
superiority of GA controller followed by LQR controller over the SVC alone. 
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Comparison of LQR and GA for Case 2 
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Fig 8: Reactive power response for line 7-8, case 2 
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Fig 9: Speed deviation response between Gl and G2, case 2 

VI. Conclusion 

LQR tuning is proposed to obtain a supplementary controller parameter for oscillation damping. The 
procedure developed identify the most effective use of LQR controller parameters by considering R = 
I and selecting symmetric matrix Q as product of transpose of output matrix and the output matrix. 
The simulation results show that the propose LQR under different operating conditions worked 
effectively and robustly for different signals. 
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Abstract 

MultiLevel Inverter (MLI) has been recognized as an attractive topology for high voltage DC-AC conversion. 
This paper addresses an Inverted Sine PWM (ISPWM) technique to control the seven-level asymmetric 
cascaded multilevel inverter. The proposed switching technique enhances the fundamental component of the 
output voltage and generates lower total harmonic distortion in comparison with the conventional triangular 
based multicarrier PWM techniques. A detailed study of the proposed modulation technique is carried out 
through MATLAB /SIMULINK. Gating signals are generated using FPGA Spartan processor. A prototype of 
three-phase asymmetric cascaded MLI is developed to verify the theoretical results. 

KEYWORDS: Asymmetric Multilevel Inverter, THD, Inverted sine PWM. 

I. Introduction 

Multilevel inverter is an effective and practical solution for increasing power demand and reducing 
harmonics of AC waveforms. Function of a multilevel inverter is to synthesize a desired voltage wave 
shape from several levels of DC voltages. As the number of levels increase, the synthesized staircase 
output waveform has more steps, approaching the desired sinusoidal waveform. They are of special 
interest in the distributed energy sources area because several batteries, fuel cell and solar cell can be 
connected through multilevel inverter to feed a load [1]. This paper presents a seven-level asymmetric 
cascaded multilevel inverter suited for renewable energy applications. The advantages of this 
topology are better output quality, lower switching dissipation, lesser number of sources and higher 
efficiency. The performance of multilevel inverter (such as switching loss and harmonics) is mainly 
decided by its modulation strategies. The modulation control schemes for the multilevel inverter can 
be divided into two categories fundamental switching frequency and high switching frequency PWM. 
Further, the high frequency PWM is classified as multilevel carrier-based PWM and multilevel space 
vector PWM [2] The most popular and simple high frequency switching scheme for MLI is the 
Multi-Carrier PWM (MCPWM). It can be categorized into two groups: Carrier Disposition (CD) 
methods and Phase Shifted (PS) methods [3] Among the carrier disposition methods, Phase 
Disposition (PD) PWM technique is normally employed for MLI as the carriers need minimal 
amounts of alteration since they are all in phase with each other [4]. This paper focuses on PD based 
inverted sine PWM technique for a seven-level inverter. ISPWM has a better spectral quality and a 
higher fundamental voltage compared to the triangular based PWM. The performance of asymmetric 
MLI with the proposed modulation strategy is studied through simulation studies for linear loads. A 
comparative evaluation between hybrid modulation and the conventional PDPWM method is also 
presented in terms of output voltage quality, power circuitry complexity, Total Harmonic Distortion 
(THD). A seven-level asymmetric MLI prototype has been developed to verify the simulation results. 
Section-2 discusses about the three-phase asymmetric cascaded multilevel inverter with reduced 
number of switches. Section -3 describes the proposed inverted sine pulse width modulation technique 
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highlighting its advantages compared to the conventional triangular based carrier. Section -4 discusses 
the simulation results for the proposed PWM technique and the results are compared with the 
conventional PWM .Section-5 provides the details about the prototype of the asymmetric multilevel 
inverter and the validation of simulation results. 

II. Asymmetric Cascaded Multilevel Inverter 

The cascaded multilevel inverter with separate DC sources can fit many of the needs of all electric 
vehicles because it can use on board batteries or fuel cells to generate a nearly sinusoidal voltage 
waveform to drive the main vehicle traction motor. Normally, each phase of a three-phase cascaded 
multilevel inverter requires "n" DC sources for 2n+l level [5]. For many applications, multiple DC 
sources are required demanding long cables and this could lead to voltage unbalance among the DC 
sources [6]. With an aim to reduce the number of DC sources required for the cascaded multilevel 
inverter, this paper focuses on an asymmetric topology which uses only two DC sources to generate 
seven-level output. The proposed topology consists of two H-bridges as shown in Fig.l. By 
appropriately opening and closing the switches of Hi, the output voltage Vi can be made equal to - 
V dc , 0, + V dc . Similarly the output voltage V 2 of the second bridge H 2 can be made equal to - 0.5V dc , , 
0.5V dc Therefore, the output voltage of the MLI have the values of -1.5 V dc , -V dc , -0.5V dc , 0, 0.5V dc , 
V dc and 1.5 V dc as shown in Fig.2. 




Fig.l Three-phase Asymmetric cascaded multilevel inverter 
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Fig .2 Seven -level equal step phase voltage waveform 

III. Inverted Sine PWM Technique for MLI 

The inverted sine carrier PWM (ISPWM) method uses the conventional sinusoidal reference signal 
and an inverted sine carrier. The control strategy uses the same reference (synchronized sinusoidal 
signal) as the conventional SPWM while the carrier triangle is a modified one. The control scheme 
uses an inverted (high frequency) sine carrier that helps to maximize the output voltage for a given 
modulation index [7-10]. In the gating pulse generation of the proposed ISCPWM scheme, the 
triangular carrier waveform of SPWM is replaced by an inverted sine waveform. In Fig. 3 shows the 
pulse generation circuit for a single phase of the multilevel inverter in which a sine wave (modulating 
signal) of fundamental frequency is compared with high frequency phase disposed inverted sine 
carrier waves. For an 'm' level inverter, (m-1) carrier waves are required. The pulses are generated 
when the amplitude of the modulating signal is greater than that of the carrier signal. 
The proposed control strategy has a better spectral quality and a higher fundamental output voltage 
without any pulse dropping. 




Fig.3. Reference and carrier waveforms for ISPWM technique 



The advantages of ISPWM method are: 

• It has a better spectral quality and a higher fundamental component compared to the 
conventional sinusoidal PWM (SPWM) without any pulse dropping. 

• The ISCPWM strategy enhances the fundamental output voltage particularly at lower 
modulation index ranges 
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• There is a reduction in the total harmonic distortion (THD) and switching losses. 

• To increase the fundamental amplitude in the sinusoidal pulse-width modulation the only way 
is by increasing the modulation index beyond 1 which is called over modulation. Over 
modulation causes the output voltage to contain many lower order harmonics and also makes 
the fundamental component vs. modulation index relation non-linear. Inverted sine pulse - 
width modulation technique replaces over modulation [11]. 

• The appreciable improvement in the total harmonic distortion in the lower range of 
modulation index attracts drive applications where low speed operation is required. 

ISPWM technique causes marginal increase in the lower order harmonics, but except third harmonic 
all other harmonics are in acceptable level. But for three phase applications the heightened third 
harmonics need not be bothered [12-15]. The pulses generated using inverted sine pulse-width 
modulation technique is shown in Fig.4 which is used to trigger the IGBTs in a sequential manner 
such that the desired output is obtained. 
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Fig. 4 Pulse generation circuit for ISPWM 
The gating signals for a single phase asymmetric MLI using ISPWM is shown in Fig.5. 
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Fig.5 Pulse pattern for asymmetric MLI employing ISPWM 
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IV. Simulation Results 

The performance evaluation [16-17] of an inverted sine pulse-width modulated for three-phase 
asymmetric cascaded multilevel inverter is done using MATLAB and the phase voltage for the three 
phases is shown in Fig.6 




Fig.6 Phase Voltage waveform for asymmetric MLI using ISPWM 
The line- line voltage waveform is shown in Fig.7 




Fig.7 Line-line voltage waveform of Asymmetric cascaded MLI (ISPWM) 
The line- line current waveform for asymmetric cascaded MLI is shown in Fig. 8 




Fig.8 Line -line current waveform of Asymmetric cascaded MLI (ISPWM) 
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FFT spectrum for the load voltage waveform of MLI using ISPWM technique is shown in Fig.9 
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Fig.9 FFT spectrum of load voltage of MLI ( F opt = 3950Hz) 
The FFT spectrum for the load current waveform is shown in Fig. 10 
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Fig.10 FFT Spectrum for the load current of MLI 

The fundamental component of voltage [18-19] increases with increase in switching frequency and is 
higher for inverted sine carrier compared to the conventional triangular carrier which is shown in 
Fig. 11. 
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From the above results, it is observed that ISPWM gives an enhanced fundamental voltage and 
reduced total harmonic distortion. 



V. Experimental Results 

To experimentally validate the asymmetric cascaded H-bridge multilevel inverter using the proposed 
modulation, a prototype of three-phase seven-level inverter has been built using FSBB20CH60 smart 
power module (SMP) as the switching devices shown in Fig. 1. The SMP uses IGBT as the power 
device and it provides optimized circuit protection and drive matched to low loss IGBT. Hardware 
can be divided into the following sections: a Xilinx Spartan board, 7- level MLI setup (optocoupler, 
driver & power circuit) and load configuration. Xilinx Spartan 3- A DSP trainer is employed to 
generate the pulses required to trigger the IGBTs. The PWM pins AE3 to AF8 are used to generate the 
gating pulses of the respective devices. Transformers, Bridge Rectifiers and Voltage Regulators are 
used to form 12V DC supply for opto-couplers. Optocoupler consists of LED and a phototransistor. 
When an electrical signal is applied to the input of the opto-isolator, its LED lights, its light sensor 
then activates, and a corresponding electrical signal is generated at the output. The experimental setup 
for the asymmetric MLI is shown in Fig. 12. 




Fig.12 Photograph of the prototype of 3-phase asymmetric MLI 
The experimental phase voltage waveforms is shown in Fig. 13 
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Fig. 13 Experimental phase voltage waveform for 3-phase asymmetric cascaded MLI 
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The experimental line -line voltage waveform for MLI employing ISPWM technique is shown in 
Fig. 14. 



Agilent 




Fig.14 Experimental phase voltage waveform for 3-phase asymmetric cascaded MLI 

VI. Conclusions 

A three-phase asymmetric cascaded multilevel inverter employing inverted sine PWM technique has 
been investigated. From the simulation and experimental results, it is observed that ISPWM technique 
provides an enhanced fundamental voltage and reduced THD compared to the conventional triangular 
based PWM. Line-line voltage waveform of the proposed MLI topology produces 13-level which 
greatly reduces the harmonics in the output waveform. Asymmetric MLI Topology uses reduced 
number of DC sources thus decreasing the complexity and the cost of the circuit. This can be 
important in the high power quality cascaded multilevel inverters which require several voltage 
sources and knowledge of the DC voltage levels. By increasing the number of steps, waveform 
approaches the desired sinusoidal shape and THD is reduced. The proposed modulation strategy can 
be applied to multilevel inverter powered by fuel cells in place of DC sources and it has a greater 
scope in applications involving electrical vehicles and distributed generation. 
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Abstract 

In this paper, multi step ahead prediction of monthly sunspot real time series are carried out. This series is 
highly chaotic in nature [7]. This paper compares performance of proposed Jordan Elman Neural Network with 
TLRNN (Time lag recurrent neural network), and RNN (Recurrent neural network) for multi-step ahead (1, 6, 
12, 18, 24) predictions. It is seen that the proposed neural network model clearly outperforms TLRNN(Time lag 
recurrent neural network), and RNN(Recurrent neural network) in various performance measures such as MSE 
(Mean square error), NMSE (Normalized mean square error) and r (correlation coefficient) on testing as well 
as training data set for 1,6, 12, 18, and 24 months ahead prediction of sunspot time series. Parameters are 
calculated by using software, "N euro solution 5.0". Neurosolution is an object oriented environment for 
designing, prototyping, simulating, and deploying artificial neural network (ANN) solutions [26]. 

KEYWORDS* MSE (Mean square error), NMSE (Normalized mean square error), r (Correlation coefficient), 
k (Number of step ahead) 

I. Introduction 

The main motivation for analysis and research of Sunspot time series is to predict the future and 
understand the fundamental feature and effects on nature and human life. Artificial neural network is 
used for solving the real world problem [6]. This is mainly due to their ability to deal with 
nonlinearities, non-stationary and non guassianity [24]. The modelling and analysis of chaotic time 
series has also attracted the attention of many researchers [4]. In this paper, Jordan Elman NN is 
found an optimal NN as compared to TLRNN & RNN for Sunspot time series prediction. Jordan 
Elman Neural Network is trained for multi step ahead prediction and the results are compared with 
reference to the MSE (mean square error), NMSE (normalized mean square error), and r (correlation 
coefficient), on testing as well as training data sets for short prediction. The number of experiments is 
carried out by changing various parameters like Error criterion (LI, L2, L3, L4, L5, and Loo), number 
of iterations, learning rule, percentage of training & testing data sets and transfer functions [1]. Thus 
the optimum neural network model is proposed for short time prediction of Sunspot time series. 
Previously, some work has been done on the prediction of sunspot time series. It has been shown that 
the Fully Recurrent Neural Network (FRNN) model gives the good results for prediction [l].In this 
paper; we have compared the various parameters for prediction and proposed the Jordon Elman neural 
network, which gives perhaps the better results. The remainder of the paper is organized as follows. In 
the next section we present the effective use of Artificial Neural Network for prediction. Section 3 
deals with the introduction of proposed Jordon Elman neural network. Section 4 deals with the 
various performance measures on the basis of which the prediction has been carried out. Section 5 
deals with the introduction of Neurosolution, which is used as a tool for the analysis. The graph 
representing calculation of number of processing elements, parameters obtained for various networks 
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in tabular form, the relation between actual and desired output along with the scatter plots for the 
variation of number of epochs has been shown in section 6.The paper ends with the comparison tables 
showing results for various networks and conclusion. 

II. Neural Networks For Prediction 

The beginning of the prediction of the time series was made in the past century with the introduction 
of the autoregressive model for the prediction of the annual number of sunspots. Time series are 
samples of system's behaviour over discrete time values. The neural networks ability to cope up with 
the nonlinearities, the speed of computation, the learning capacity and the accuracy, made them 
valuable tools of prediction. To predict the evolution over time of a process implies the prediction of 
the future values of time series describing the process [1], [4]. Time series prediction with classical 
methods relies on some steps to be followed in order to perform an analysis of the time series, 
including modelling, the identification of the model and finally parameter estimation. The most 
difficult systems to predict are a) those with insufficient amount of data in the data series (for instance 
chaotic signals); b) the systems whose data series are obtained through observation and 
measurements, in this case data being possibly affected by measurement errors; c) systems whose 
behaviour varies in time[7].The artificial neuron for prediction receives the delayed signal at its input 
y(k-i), i=the number of inputs, the inputs are transmitted through i+1 multipliers for scaling, then the 
scaled inputs are linearly combined to form an output signal that is also passed through an activation 
function in order to obtain an output signal. The model of the neuron is schematized as shown in 
figure 1, [2]. 



Y(k-l). 



Y(k-i) 



Ml 




z 



Y(k) 
— t» 



nyik)) 



-+ y(k} 



Mi 



Figurel. The artificial neuron for prediction (Ml . . ..i are multipliers) 

Consider x (t), the time series data collected in order to build a model. The data in the data series are 
samples of x(t) with a time step k. the prediction of the time series values can be made single step 
ahead, in this case one looking for a good estimation Xl(t+1) of X(t+1) or multi step ahead prediction, 
in this case looking for a good estimate Xl(t+nk) of X(t+nk), n being the number of steps 
ahead[9]The first and most common method for the prediction of time series consist in using M past 
values or M-tuples as inputs and one output. 

III. Jordan Elman NN 

The theory of neural networks with context units can be analyzed mathematically only for the case of 
linear PEs. In this case the context unit is nothing but a very simple low pass filter. A low pass filter 
creates an output that is a weighted (average) value of some of its more recent past inputs. In the case 
of the Jordan context unit, the output is obtained by summing the past values multiplied by the scalar 
as shown in the figure 2.Notice that an impulse event x (n) (i.e. x (0) =1, x (n) =0 for n>0) that 
appears at Time n=0, will disappear at n=l. However, the output of the context unit is tl at n=l, t2 at 
n=2, etc. This is the reason these context units are called memory units, because they "remember" past 
events, t should be less than 1, otherwise the context unit response gets progressively larger 
(unstable)The Jordan network and the Elman network combine past values of the context units with 
the present inputs to obtain the present net output. The input to the context unit is copied from the 
network layer, but the outputs of the context unit are incorporated in the net through adaptive weights 
[9], [24]. NeuroSolutions uses straight back propagation to adapt all the network weights [2]. 
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Figure 2. Context unit response 

In the Neural Builder, the context unit time constant is pre-selected by the user. One issue in these 
nets is that the weighting over time is kind of inflexible since we can only control the time constant 
(i.e. the exponential decay). Moreover, a small change in t is reflected in a large change in the 
weighting (due to the exponential relationship between time constant and amplitude). In general, we 
do not know how large the memory depth should be, so this makes the choice of t problematic, 
without a mechanism to adapt it. See time lagged recurrent nets for alternative neural models that 
have adaptive memory depth. The Neural Wizard provides four choices for the source of the feedback 
to the context units (the input, the 1st hidden layer, the 2nd hidden layer, or the output). In linear 
systems the use of the past of the input signal creates what is called the moving average (MA) models. 
They represent well signals that have a spectrum with sharp valleys and broad peaks. The use of the 
past of the output creates what is called the autoregressive (AR) models. These models represent well 
signals that have broad valleys and sharp spectral peaks. In the case of nonlinear systems, such as 
neural nets, these two topologies become nonlinear (NMA and NAR respectively). The Jordan net is a 
restricted case of an NAR model, while the configuration with context units fed by the input layer is a 
restricted case of NMA. Elman's net does not have a counterpart in linear system theory. As you 
probably could gather from this simple discussion, the supported topologies have different processing 
power, but the question of which one performs best for a given problem is left to 
experimentation^] , [7] . 

IV. Performance Measures 

The generalization performance of the network is validated on the basis of the following parameter. 

4.1. MSE (Mean Square Error) 

It is the average of the square of the difference between each output processing element and the 

desired output. It is used to determine how well the network output fits the desired output, but it 

doesn't reflect whether two sets of the data move in same direction [1]. 

Yij = network output for exemplar i at PE j 

P = number of output PEs(processing elements) 

N = number of exemplar in datasheet 

Dij = desired output for exemplar I at PEj 



4.2. NMSE (Normalized Mean square error) 



NMSE- 



p.n.MSE 



p 

I 

7=0 


TV f N ^ 
i=0 V i=0 ) 


2 


N 





(1) 



NMSE is given as 
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P = number of output PEs(processing elements) 

N = number of exemplar in datasheet 

dij = desired output for exemplar I at PEj 

4.3 Correlation coefficient (r) 

It reflects whether the two sets of data moves in same direction .The correlation coefficient are 
between the network output X and the desired output D is 

^ (xi - x~)(di - d ) 



^ (di — d ) l^i (xi - x ) 



N V i N 



(2) 



Where, 



1 N _ 1 N 

= — Yjci and d = — V di 



(3) 



The correlation coefficient is confined to the range [-1, l].When r =1, there is perfect positive linear 
correlation between X & d that is they co vary means they vary by the same amount [T. Edwards, 
D.S.W Tansley, R.J. Frank, N. Davey .etal], [Lapedes A. and Farber R.etal] .The above parameters 
are calculated by using software, "Neurosolution 5.0" 

V. Neurosolution 5.0 

Neurosolution is an object oriented environment for designing, prototyping, simulating, and deploying 
artificial neural network (ANN) solutions. This environment is inherently modular, as a neural 
network breaks down into a fundamental set of neural components. Individually simple, these 
components combine to form networks that can solve complex problems. Neurosolution supports a 
practically infinite number of neural models. It provides the user with an icon-based interface from 
which the neural components are arbitrarily interconnectable [2]. 

VI. Case Study 

The different neural network models like Jordan Elman , time lag recurrent network and recurrent 
neural network are trained for multi step ahead [1,6,12,18,24] predictions and the results are 
compared with reference to MSE (Mean square error), NMSE (Normalized Mean Square Error), r 
(Correlation coefficient) on testing as well as training data set for short term prediction. The number 
of experiments is carried out by changing various parameters like number of processing elements, 
number of hidden layers, number of iterations, transfer function, learning rule. Here we are finding 
out the number of processing elements for which the network gives minimum MSE. 
Figure 3. shows the graph obtained by varying various parameters giving the number of processing 
elements for which the network gives minimum MSE. The Following Tables gives values of various 
parameters such as MSE (Mean square error), NMSE (Normalized Mean Square Error), and r 
(Correlation coefficient) for different look ahead values for different Neural Networks. Table 1 gives 
values of MSE, NMSE, and r of Jordan Elman NN for multi step ahead (1, 6, 12, 18, 24) prediction 
for Sunspot time series. 
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Figure 3. Graph and Table of varying a parameter 



Similarly table 2 and table 3 shows various values of MSE, NMSE, and r for Time Lagged Recurrent 
Neural Network and Recurrent Neural Network. Comparing the performance measures like MSE, 
NMSE and r for 60% samples as training, 25%samples as testing and 15% as cross validation, it is 
found that the performance of the selected model is optimal for 15 neurons in the hidden layer. Next 
the proposed model is trained with different error criterion LI, L2, L3, L4, L5 and Loo. 







Table 1. Type of net work- Jordan Elman NN 




For South 


For North 


K (step) 


MSE 


NMSE 


R 


MSE 


NMSE 


r 


1 


0.00301352 


0.12175413 


0.9372644 


0.00039479 


0.01198851 


0.99412255 


6 


0.00315088 


0.12097912 


0.9384633 


0.00131084 


0.00339036 


0.98179276 


12 


0.01120112 


0.23450117 


0.8901836 


0.01142852 


0.16956471 


0.93439364 


18 


0.00992762 


0.43738162 


0.8810052 


0.01900812 


0.26451196 


0.91967542 


24 


0.00969921 


0.47540716 


0.8735284 


0.01007496 


0.27224255 


0.90736715 



Table 2. Type of Network Time Lagged Recurrent Neural Network 



For South 


For North 


K (step) 


MSE 


NMSE 


R 


MSE 


NMSE 


r 


1 


0.0031452 


0.1338280 


0.930992 


0.001002 


0.030435 


0.9832722 


6 


0.0038522 


0.1372878 


0.927177 


0.001627 


0.004266 


0.9726262 


12 


0.0116022 


0.2429242 


0.882282 


0.011626 


0.164626 


0.9302727 


18 


0.0165966 


0.3459452 


0.840728 


0.021829 


0.322258 


0.8775592 


24 


0.0997141 


0.3538383 


0.813266 


0.031833 


0.363333 


0.8610236 
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Table 3. Type of Network Recurrent Neural Network 



For South 


For North 


K(step) 


MSE 


NMSE 


R 


MSE 


NMSE 


r 


1 


0.0023245 


0.1339322 


0.951992 


0.004242 


0.014249 


0.9812222 


6 


0.0390393 


0.1463663 


0.927135 


0.001634 


0.042527 


0.9788397 


12 


0.0143535 


0.2967211 


0.884222 


0.014892 


0.214893 


0.9236422 


18 


0.0178532 


0.3721266 


0.819626 


0.021780 


0.321859 


0.8610656 


24 


0.0128535 


0.4238543 


0.777512 


0.013118 


0.302349 


0.8423390 



The best combination network is then trained and tested for different transfer functions such as a) 
Tanh axon b) Sigmoid c) Linear Tanh axon d) Linear Sigmoid. The proposed Jordan Elman NN 
model is trained for the best combinations resulted for training and testing exemplars and it is 
experimented for 1000 to 20000 iterations for getting an optimum results for each multi step ahead 
(k=l, 6, 12, 18, 24) of chaotic sunspot time series .The number of epochs are varied from 1000 to 
20000 in the step 2000 and the graphs are plotted for all the steps. These Graphs are shown in Figure 
4 to Figure 8. 

Desired Output and Actual Network Output For Sunspot 

(K=1) 




329 41 1 493 

Exemplar 



821 



- Scaled_value_in_south Shift Up (1) 

■ Scaled_value_in_south Shift Up (1) Output 



- Scaled_valuein_North Shift Up (1) 

■ Scaled_valuein_North Shift Up (1) Output 



Figure 4. Graph For (k=l) 



Desired Output and Actual Network Output For Sunspot 

(k=6) 




155 



•Scaled valuein North Shift Up (6) 

■ Scaled valuein North Shift Up (6) Output 



-Scaled value in south Shift Up (6) 

■ Scaled value in south Shift Up (6) Output 



Figure 5. Graph For (k=6) 
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Desired Output and Actual Network Output For 
Sunspot(K=12) 




71 85 

Exemplar 



-Scaled value in south Shift Up (12) 

■ Scaled value in south Shift Up (12) Output 



■Scaled valuein North Shift Up (12) 

■ Scaled valuein North Shift Up (12) Output 



Figure 6. Graph For (K=12) 



Desired Output and Actual Network Output For Sunspot 

(K=18) 




-Scaled value in south Shift Up (18) 

■ Scaled value in south Shift Up (18) Output 



-Scaled valuein North Shift Up (18) 

■ Scaled valuein North Shift Up (18) Output 



Figure 7. Graph For (K=18) 

Desired Output and Actual Network Output For Sunspot 

(K=24) 




71 85 

Exemplar 



155 



■Scaled value in south Shift Up (24) 

■ Scaled value in south Shift Up (24) Output 



■Scaled valuein North Shift Up (24) 

■ Scaled valuein North Shift Up (24) Output 



Figure 8. Graph For (K=24) 

Then, we have varied number of epochs means number of iterations. Epochs are varied from Ik to 20 
k (1000 to 20000). By analyzing its results we have plotted the scatter plots of number of epochs and 
variation of MSE, NMSE, & r. 
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Figure 9. Scatter Plot For K=l 
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Figure 10. Scatter Plot For K=l 
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Figure 11. Scatter Plot For K=12 
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Figure 12. Scatter Plot For K=12 

VII. Results 

Comparison Tables of JENN, TLRNN, FRNN For chaotic time series (k= 1 & k=6) 

Table 4. For k=l 



S.No. 


NN 
MODEL 


SOUTH 


NORTH 


R 


MSE 


NMSE 


r 


MSE 


NMSE 


1 


JORD- 
ELMN 


0.9398 


0.0028 


0.1170 


0.9931 


0.0004 


0.0138 


2 


TLRNN 


0.9394 


0.0029 


0.1181 


0.9853 


0.0010 


0.0304 


3 


FRNN 


0.9155 


0.0040 


0.1618 


0.9812 


0.0012 


0.0372 



Table 5. For k=6 



S.No. 


NN 
MODEL 


SOUTH 


NORTH 


r 


MSE 


NMSE 


r 


MSE 


NMSE 


1 


JORD- 
ELMN 


0.9384 


0.0031 


0.1209 


0.9817 


0.0013 


0.0339 


2 


TLRNN 


0.9292 


0.0038 


0.1398 


0.9809 


0.0014 


0.0380 


3 


FRNN 


0.9271 


0.0390 


0.1461 


0.9788 


0.0016 


0.0372 



Tables 4 and 5 shows comparison between Jordn-Elman NN, TLRNN, and FRNN for 
shift(k= 1,6). Thus here we have compared various NN on the basis of MSE, NMSE, and r, and an 
optimal NN for prediction of Sunspots time series is found. 

VIII. Conclusions 

It is observed that Jordan Elman Network is able to predict Sunspots time series quite well in 
comparison with other networks. It is seen that MSE,NMSE & r of the proposed dynamic model for 
testing data set as well as training data set are significant than other neural models. The network is 
analyzed for different step ahead (k=l, 6, 12, 18, 24). The better results can be obtained for maximum 
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24 step ahead by using this network. The following parameters are obtained for 24 step ahead; 
MSE=0.009457611, NMSE=0.309630953, r=0.87684609 (for South), MSE=0.010051769, 
NMSE=0.281693745, r=0.908057335 (for North) For Epochs 16000.Here, we can see that the value 
of correlation coefficient is much closer to unity which makes the proposed network optimal one for 
prediction. In this paper, we have also studied the variation of error and correlation coefficient with 
the number of epochs. Also, the variation of actual and desired output can also be studied for different 
step ahead values (1, 6, 12, 18, and 24) by plotting the graphs. It can be seen that the proposed neural 
network closely follows the actual output. 
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Abstract 

Web applications have become very popular in nowadays. Web applications can be error prone and easily 
exploited by attackers, because of the implementation vulnerabilities. Securing web applications against 
implementation vulnerabilities is very important. Existing security solutions do not provide adequate support to 
protect web applications against broken session data dependencies in this paper we focus on one specific type of 
implementation vulnerability, namely broken dependencies on session data along with session data dependent 
vulnerabilities. This can be lead to a variety of erroneous behavior at runtime. This paper shows how to 
guarantee the absence of runtime errors due to broken session data dependencies. The proposed solution 
provides the tree-based dependency to prove no-broken-data-dependencies property. A framework named 
PP4Wap (provable protection for web application) which will increase the reliability and security of data- 
centered web applications. 

KEYWORDS? Security, Reliability, Data sharing, Web application, PP4Wap, Vulnerabilities, WAF. 

I. Introduction 

Now a day's almost of us use web application. Almost all of the services are provided via the World 
Wide Web (WWW) [1]. Without WWW we can't do anything easily. More and more organizations 
strongly depend on their correct functioning. Web application tends to be error prone and 
implementation vulnerabilities are readily and commonly exploited by attacks. So, to improve the 
reliability and security of web applications is most important in the field of software engineering and 
security engineering. This paper introduces a tree base dependency concept in session control. It is a 
protection approach against web application vulnerabilities related to session data dependencies. To 
prove this we have to take one specific implementation bug i.e. runtime errors due to broken data 
dependencies in data-centered applications. This is an application level vulnerability. 
Current technologies such as anti-virus software programs and network firewalls provide the secure 
protection at the host and network levels, but not at the application level. Existing solution for the 
broken session data dependencies is Web Application Firewall (WAF) [2]. WAFs are applied to 
mitigate a range of vulnerabilities, including vulnerabilities to forceful browsing. But a malicious 
user will typically apply forceful browsing to exploit implementation-specific broken session 
dependencies in data-centered web applications in a more or less controlled way. So, existing 
security solutions do not provide adequate support to protect web applications against such 
implementation-specific bugs. Proposed solution combines development-time program annotation 
static verification and runtime checking and introduces tree-based dependency in session control to 
prove no-broken-data-dependency property. 

The rest of this paper is structured as follows: Section 2 provides some background information on 
indirect data sharing and broken session data dependencies in data-centered Web applications. In 
Section 3, the presented work is related to existing research in program verification and Web security. 
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Section 4 defines the requirements for a solution. In Section 5 we present our solution to detect and 
prevent composition problems in data-centered Web applications. Section 6 defines the 
implementation of the tree-based dependency concept. Section 7, presents the result of the paper. 
Section 8 summarizes the conclusion of this paper. 



II. Broken Session Data Dependencies 

This section provides more detailed information on how to break the session data in data-centered 
applications and why WAF fails to protect web applications against broken data dependencies [3]. 

2.1. Indirect data sharing 

Indirect data sharing is adopted in several component models and APIs such as JavaServelet 
containers [4], Pluggable Authentication Modules framework [5] and Java Spaces in sun's Jinni [6]. 
Generally web-applications are server-side applications that are invoked by this Web Clients 
(browsers), typically using the Hyper-Text Transport Protocol (HTTP). 

The HTTP is a stateless application-level request/response protocol and has been in use on the WWW 
since 1990[7]. Since the protocol is stateless, each request is processed independently without any 
knowledge of previous requests. To enable the typical user's session concept in web applications, the 
web application needs to add session management on top of the stateless HTTP layer. Different 
techniques exist to embed web request within a user session such as the use of cookies, URL rewriting 
or hidden form fields [8]. Out of these three methods cookies is a best method, because cookie 
functionality is built in to most browsers. Thus no special coding is required to ensure session ID 
information is embedded within the pages served to the client browser. 

In the repository architectural style [9], a system consists of a central data structure and set of 
components interacting with the repository. The data-centered application contains this architectural 
style. 



D 



Fv 




Fig. 1. Data dependencies (DP) in data-centered applications 

In data-centered applications each component can indirectly interact with the other component, but all 
the components can directly interacting with the shared repository. The data centered applications are 
correctly composed with respect to the indirect data sharing if, at run time, each component is able to 
retrieve the data from the repository that it expects to find. Thus the correct functioning of a 
component depends on the run time state of the repository. At the time of execution, implicit 
semantically dependencies exist between the components and shared repository. 

2.2. Broken data dependencies 

Breaking data dependencies is a common risk in composing data-centered applications. We identified 
two common composition mismatches or exceptions in data centered applications. These are as 
follows: 

2.2.1. NullPointerException 

A data item is not available on the shared repository although a reading component expects it on the 
repository during execution. 
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2.2.2. ClassCastException 

The type of an available data item does not correspond with the type expected by the reading 
component. 

These mismatches lead to the runtime errors. Due to these runtime errors and loose coupling the data 
can break in data-centered applications. These broken data dependencies undermine the reliability 
and security of the web applications. Existing solution for this vulnerability is WAF, because this is 
an application level vulnerability. 



MtilLcious web Ira file 
Legitimate web traffic 




Web client 
(browser) 



Network 
Firewall 



Web Application 
Firewall 



Web server 



Fig. 2. Web Application Firewall infrastructure. 

To counter web application vulnerabilities, Web Application Firewalls operate on the application 
layer and analyze web request between a browser and the web server [10]. Web application firewalls 
are applied to mitigate a range of vulnerabilities, including vulnerabilities to forceful browsing. By 
passing intended application flow in a web application can generally lead to unauthorized access to 
resource or unexpected application behavior [11]. Moreover, a malicious user will typically apply 
forceful browsing to break the session data dependencies in data-centered applications. Therefore 
existing security solutions do not provide adequate support to protect web applications. So, we need 
additional support for this. In proposed solution we have to take one composition property to reduce 
the runtime errors caused by broken data dependencies i.e. no-broken-data-dependencies [18]. 

III. Related Work 

The work presented in this paper is related to a broad spectrum of ongoing research. We only present 
some key pointers for each of the domains and, in more detail, for the domain most related to the 
proposed solution, namely, static and dynamic verification in Web application security. 
Several implementation-centric security countermeasures for Web applications have already been 
proposed [12], [13], but most of them focus on injection attacks (SQL injection, command injection, 
XSS, etc.) and use tainting, pointer analysis, or data flow analysis. Our solution targets another set of 
implementation bugs, namely, bugs due to broken data dependencies on the server-side session state, 
and, to do so, we rely on the static and dynamic verification of component contracts. Gould et al. also 
aim to reduce the number of runtime errors in Web applications by applying static verification [14]. 
Their solution focuses on the reduction of SQL runtime exceptions and uses a static analysis tool to 
verify the correctness of all dynamically generated query strings within an application. Our solution is 
based on program annotations and we verify interactions between components and the non-persistent 
server-side state. 

We combine in our solution static and dynamic verification to reduce the runtime enforcement 
overhead. The idea of combining static and dynamic verification is not new and has, for instance, 
already been adopted by Huang et al. in securing Web applications against Web vulnerabilities caused 
by insecure information flow, such as SQL injection, XSS, and command injection [15]. Their 
approach uses a lattice-based static analysis algorithm for verifying information flow based on type 
systems and the type state. The sections of the code considered vulnerable are automatically 
instrumented with runtime guards. In contrast, our approach aims to reduce runtime errors due to 
composition problems. In addition, our approach is based on program annotations and the verification 
of component preconditions. 
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In [16], generate bypass tests that check if an online Web application is vulnerable to forceful 
browsing or parameter tampering attacks. The bypass tests are black-box tests using data that 
circumvents client-side checks. They define three levels of fault injection: bypass tests at the value 
level, at the parameter level, and at the control flow level. Since the fault injections are based on 
violations of the client-side validations, they operate independently of the server implementation and 
do not give formal guarantees about the absence of bugs. In contrast, our verification approach is able 
to guarantee the absence of errors at the flow level and, in future work; we would like to investigate 
how well our approach is suited to counter errors at the other two levels as well. 
Firewall configuration analysis is proposed to manage complex network infrastructures (such as 
networks with multiple network firewalls and network intrusion detection systems) [17]. These 
approaches aim to achieve efficiency and consistency between the different network layer security 
devices, whereas our approach focuses on the application-layer consistency between the WAF and the 
Web application. 

For more than a decade, software architectures have been used to abstract reasoning about software 
systems from the source code level toward coarse-grained architectural elements and their 
interconnections [9], [19], [20], and [21]. Architectural styles abstract reoccurring patterns of 
components, connectors, and behavioral interactions within different software architectures and try to 
capture the advantages or main characteristics of a particular architectural style, as well as the 
constraints introduced by the style. In [9], Shaw and Garlan proposed taxonomy of different 
architectural styles, including the data-centered style. 

To support architecture -based reasoning, (semi)formal modeling notations and analysis techniques 
are required. Several Architecture Description Languages (ADLs) are proposed for architectural 
specification and analysis. Although these ADLs strongly vary in the abstractions and analysis 
capabilities they provide, most ADLs explicitly provide abstractions for components, connectors, and 
their behavioral interactions, as well as tool support for analysis and architecture -based development 
[21]. However, in most cases, a discontinuity exists between the architectural model and the actual 
implementation model, making the outcomes of architectural analysis meaningless. To counter this, 
ArchJava [22] offers a unique binding between architectural description and actual implementation, 
but ArchJava does not yet provide indirect sharing verification. 

Component contracts already were often proposed before for various purposes [23], [24]. For 
components written in Java, JML [25] is a popular formal contract specification language. The use of 
JML or related languages such as Spec# [31] for verifying component properties is a very active 
research domain. For example, Jacobs et al. [26] verify the absence of data races, and Pavlova et al. 
[27] focus on the security properties of applets. Other applications of JML are surveyed in [28]. 
The research presented in this paper proposes a pragmatic solution to broken session dependencies in 
Web applications. The main advantage of such pragmatism is the potential for short-term 
applicability. However, of course, research on more fundamental approaches is also needed and can 
have a more substantial impact in the long term. There is a large body of research on how to improve 
programming languages for programming distributed applications. In his keynote speech at ICSE 
2005, Cardelli discussed three important areas where improvements are important: asynchronous 
concurrency, dealing with semistructured data and additional security abstractions [29] .The 
programming language E [32] is an example of a language that has emphasized security in its design. 
Other languages focus on specific classes of Internet applications such as distributed consensus 
applications [30]. 

IV. Requirements 

In particular, this paper eliminates certain types of runtime errors (such as a NullPointerException or a 
ClassCastException) by giving a formal guarantee that the no-broken-data-dependencies property is 
not violated in a given composition. 

Reducing certain types of runtime errors by formally verifying that a given composition does not 
violate the desired composition property certainly improves the reliability of the software 
composition, but, in order to be really useful, the following interoperability and usability criteria are 
important as well: 
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4.1. Interoperability 

It is important that the proposed solution is interoperable with the existing Web infrastructure and 
does not interfere with other Web security solutions. 

4.2. Usability. 

In order to encourage wide adoption by developers, we also identified two important usability 
characteristics for the solution: 

4.2.1. Limited overhead. 

In order to be generally applicable, the introduced overhead for the software developer and software 
composer must be minimal, both in terms of additional workload and verification time. 

4.2.2. Applicability to real-life applications. 

The applicability of the proposed solution may not be limited to toy examples, but the proposed 
solution must also be more generally applicable to larger real-life applications. 

V. Overview of the Solution 

In this section we specify tree-based session dependency and use static and dynamic verification to 
guarantee that no-broken-data-dependencies property. Tree-based dependency proves that no-broken- 
data dependencies property in two steps. 

5.1. Session control testing 

We are able to read the D page only after reading the B and A pages. Without accessing B and A 
pages we can't access a page D. This illustrates the preventing broken data dependencies property 
and it is preventing the NullPointerException. 

5.2. Session expiration testing 

Generally session will expire with the fixed time. So we should access the pages only within the 
limited time, otherwise the session will expired. Here the page C is already accessed but the session 
of that page has been expired. So, we are unable to access the F page even if the C page has been 
accessed. This will provide the security. 

Next to the implementation, the deployment information and the runtime Web traffic are also used as 
input for our verification process. 

The verification process consists of three steps. First, the interactions with the shared session 
repository are explicitly specified in component contracts and static verification is used to verify that 
each component implementation obeys its contract specification. Second, the no-broken-data- 
dependencies property is verified in each possible execution path within a user's session. To verify 
this property statically, an upper bound is defined for the client-server interactions, namely, the 
intended client-server protocol. Next, the property is verified under the assumption that the client- 
server interactions are prefixes of the intended client-server protocol. Finally, runtime policy 
enforcement is used to guarantee that only the Web requests that are prefixes of the intended client- 
server protocol are processed by the Web application. By combining these three verification steps, our 
solution ensures the no-broken-data-dependencies property in a given application. 
We will now discuss each of the three steps in more detail in the following sections. 
Stepl:- Server-Side Specification and Verification 

In order to specify a component's interactions with the shared session repository, each Web 
component is extended with an appropriate component contract. The contract is expressed in a 
problem-specific contract language, which is easy to understand for application developers. 
Step2:- Application-Specific Property Verification 

The no-broken-data-dependencies property is verified by checking all of the possible execution paths 
in a user's session. To verify the property statically, an upper bound is defined for the client-server 
interactions, namely, the intended client-server protocol. This is an upper bound for the 
nondeterministic interactions between the client and the server and includes all valid client-server 
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interactions that may occur in the application under normal circumstances. The intended client-server 

protocol can be expressed in various ways, such as a regular expression, an EBNF notation, or a 

labeled state transition system. 

Step3:- Runtime Protocol Enforcement 

Finally, since the no-broken-data-dependencies property is verified under the assumption that all Web 

requests obey the intended client-server protocol; this assumption needs to be enforced at runtime. 

This can be done by loading the protocol specification into a supporting WAF or extending the 

application with an appropriate filter. As a result, only prefixes of the intended client-server protocol 

are allowed to be processed by the Web application. 



VI. Implementation 

In this part, we have to take one session control demo to prove the composition property, 
composition property is as follows. 



The 



6.1. No-broken-data-dependencies 

No client request causes a data item to be read from the server-side shared session repository before it 
has actually been written. For each shared data read interaction, the shared data item that already has 
been written to the shared session repository is of the type that is expected by the read operation. 

By using session control demo we can prove the no-broken-data-dependencies property. To prove 
this property we have to use tree-based dependency in session control demo. 

6.2. Tree-based-dependencies: 

In this we can access session or page depend on the trees. The basic idea of this is as follows: All 
sibling nodes are accessed only when from root node to sibling pages on the tree are accessed. 




Fig.3. Tree-based dependency. 

This tree-based dependency is used to prove the no-broken-data-dependency property. In this we 
have two steps. 

First: we need to write session properties in the session control demo. We used these properties to 
write the tree-based algorithm. By using this algorithm we can see the process of accessing session 
pages. So first we need to write the session properties. 
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Second: next we have to write the session time out and data within the web.xml file because, based on 
this time the session will run. That means we can access the pages only within this time. Otherwise 
the session will expire. Then we can't access the pages. 

<Session-config> 
<Session-timeout>30000</Session-timeout> 

</Session-config> 

We are able to read the F page only after reading the B and A pages, and G page only after reading the 
C and A pages. This illustrates the preventing broken data dependencies property i.e. it is preventing 
the NullPointerException. Based on this session control demo I will implement the algorithm. 



Algorithm Tree_based(x) 
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This algorithm proves the tree-based dependency concept. In this we are testing the node or page in 
two cases. First, if the node can be sibling node, then we have to access the nodes from root to sibling. 
Second, if the node can be root node, we can directly access that node. 

VII. Results 

We used tree-based verification experiment to measure the cost and verification performance of the 
proposed solution. 

7.1. Tree-based verification performance 

To evaluate the performance of the tree-based dependency verification process we used PPRWap 
framework. PPRWap framework is a provable protection for web applications PPRWap framework is 
a software framework, in computer programming is an abstraction in which common code providing 
generic functionality can be selectively overridden or specialized by user code providing specific 
functionality. 
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Note:- 



5 10 15 20 25 30 

Fig. 4. Result of the overhead measurement. 

Sequential dependency 
Tree based dependency 



Generally tree-based techniques are easy to understand in any type of applications. By using tree and 
graphs we can easily understand session dependencies. So instead of sequential dependency, tree 
based dependency is better generally sequential dependency is very expensive and not easy to 
understand. So we used this tree-based dependency concept in session control demo with the help of 
the framework. The figure 2 shows the graphical representation between the sequential and tree- 
based dependency. 

VIII. Conclusion 

In this paper, we have presented an approach to prove that no-broken-data-dependencies property i.e. 
Tree-based dependency. This proof shows that the security and reliability of Web applications can be 
increased by guaranteeing in the absence of runtime errors. In particular, we have proposed a solution 
to prevent runtime errors due to broken data dependencies on session data. Our solution combines 
development-time program annotation, static verification, and runtime checking to provably protect 
against broken data dependencies in Web applications. We designed and developed a framework 
PP4Wap on session data. This will increase the security and reliability of data-centered Web 
applications. 

Our solution also provides a good trade-off between usability and verification power. In this paper is 
to improve Web application security by providing an appropriate solution to the specific problem of 
broken data dependencies on session data. 

References 

[1]PJ. Deitel and H.M.Deitel "Internet and World Wide Web How to Program" Fourth Edition, Pearson 
International Edition, 2009. 

[2] T.E. Uribe and S. Cheung, "Automatic Analysis of Firewall and Network Intrusion Detection System 
Configurations," Proc. ACM Workshop Formal Methods in Security Eng., pp. 66-74, 2004. 
[3] Karl Forster, Lockstep Systems, Inc., "Why Firewalls Fail to Protect Web Sites," 
http://www.lockstep.com/products/webagain/why-firewalls-fail.pdf, 2007. 

[4] Sun Microsystems, Inc., "Java Servlet Technology," http://java.sun.com/products/servlet/, 2007. 
[5] V. Samar, "Unified Login with Pluggable Authentication Modules (PAM)," Proc. Third ACM Conf. 
Computer and Comm. Security, pp. 1-10, 1996. 

[6] E. Freeman, K. Arnold, and S. Hupfer, JavaSpaces Principles, Patterns, and Practice. Addison Wesley 
Longman, 1999. 

[7] R. Fielding, J. Gettys, J. Mogul, H. Frystyk, L. Masinter, P. Leach, and T. Berners-Lee, "Hypertext Transfer 
Protocol— HTTP/1.1," IETF RFC 2616 (Category: Standards Track), http://www.ietf.org/rfc/rfc2616.txt, June 
1999. 



629 | 



Vol. 2, Issue 1, pp. 622-631 



International Journal of Advances in Engineering & Technology, Jan 2012. 

©IJAET ISSN: 2231-1963 

[8] V. Raghvendra, "Session Tracking on the Web," Internetworking, vol. 3, no. 1, Mar. 2000. 

[9] M. Shaw and D. Garlan, Software Architecture: Perspectives on an Emerging Discipline. Prentice Hall, 

1996. 

[10] I. Ristic, "Web Application Firewalls Primer," (IN) SECURE, vol. 1, no. 5, pp. 6-10, Jan. 2006. 

[11] webScurity, Inc., "The Weakest Link: Mitigating Web Application Vulnerabilities," 

http://www.webscurity.com/pdfs/webapp_vuln_wp.pdf, 2007. 

[12] V. Haldar, D. Chandra, and M. Franz, "Dynamic Taint Propagation for Java," Proc. 21st Ann. Computer 

Security Applications Conf. pp. 303-311, 2005. 

[13] A. Nguyen-Tuong, S. Guarnieri, D. Greene, J. Shirley, and D. Evans, "Automatically Hardening Web 

Applications Using Precise Tainting," Proc. 20th IFIP Int'l Information Security Conf., R. Sasaki, S. Qing, E. 

Okamoto, and H. Yoshiura, eds., pp. 295-308, 2005. 

[14] C. Gould, Z. Su, and P. Devanbu, "Static Checking of Dynamically Generated Queries in Database 
Applications," Proc. 26th Int'l Conf. Software Eng., pp. 645-654, 2004. 

[15] Y.-W. Huang, F. Yu, C. Hang, C.-H. Tsai, D.-T. Lee, and S.-Y. Kuo, "Securing Web Application Code by 
Static Analysis and Runtime Protection," Proc. 13th Int'l Conf. World Wide Web, pp. 40-52, 2004. 
[16] J. Offutt, Y. Wu, X. Du, and H. Huang, "Bypass Testing of Web Applications," Proc. 15th Int'l Symp. 
Software Reliability Eng., pp. 187-197, 2004. 

[17] K. Golnabi, R.K. Min, L. Khan, and E. Al-Shaer, "Analysis of Firewall Policy Rules Using Data Mining 
Techniques," Proc. 10 th IEEE/IFIP Network Operations and Management Symp., pp. 305-315, Apr. 2006. 
[18] P.G. Neumann, "Keynote Speech: System and Network Trustworthiness in Perspective," Proc. 13th ACM 
Conf. Computer and Comm. Security, Oct.-Nov. 2006. 

[19] D.E. Perry and A.L. Wolf, "Foundations for the Study of Software Architecture," ACM SIGSOFT 
Software Eng. Notes, vol. 17, no. 4,pp. 40-52, 1992. 

[20] L. Bass, P. Clements, and R. Kazman, Software Architecture in Practice. Addison Wesley Longman, 1998. 
[21] N. Medvidovic and R.N. Taylor, "A Classification and Comparison Framework for Software Architecture 
Description Languages," IEEE Trans. Software Eng., vol. 26, no. 1, pp. 70-93, Jan.2000. 

[22] J. Aldrich, "Using Types to Enforce Architectural Structure," PhD dissertation, Univ. of Washington, Aug. 
2003. 

[23] B. Meyer, "Applying 'Design by Contract'," Computer, vol. 25,no. 10, pp. 40-51, Oct. 1992. 
[24] B. Liskov, Abstraction and Specification in Program Development. MIT Press, 1986. 
[25] G.T. Leavens, "The Java Modeling Language (JML)," http://www.jmlspecs.org/, 2007. 
[26] B. Jacobs, K.R.M. Leino, F. Piessens, and W. Schulte, "Safe Concurrency for Aggregate Objects with 
Invariants," Proc. Third IEEE Int'l Conf. Software Eng. and Formal Methods, pp. 137-146,2005. 
[27] M. Pavlova, G. Barthe, L. Burdy, M. Huisman, and J.-L. Lanet, "Enforcing High-Level Security Properties 
for Applets," Proc. Sixth Smart Card Research and Advanced Application IFIP Conf., J. -J. Quisquater, P. 
Paradinas, Y. Deswarte, and A.A.E. Kalam,eds., pp. 1-16, 2004. 

[28] L. Burdy, Y. Cheon, D. Cok, M. Ernst, J. Kiniry, G.T. Leavens, K.R.M. Leino, and E. Poll, "An Overview 
of JML Tools and Applications," Int'l J. Software Tools for Technology Transfer, vol. 7,no. 3, pp. 212-232, 
June 2005. 
[29] L. Cardelli, "Transitions in Programming Models: 2," Proc. 27 th Int'l Conf. Software Eng., p. 2, 2005. 

[30] J. CM. Baeten, H.M.A. van Beek, and S. Mauw, "Specifying Internet Applications with Dicons," Proc. 

16th ACM Symp. Applied Computing, pp. 576-584, 2001. 

[31] M. Barnett, K.R.M. Leino, and W. Schulte, "The Spec# Programming System: An Overview," Lecture 

Notes in Computer Science, vol. 3362, pp. 49-69, Jan. 2005. 

[32] M.S. Miller, "Robust Composition: Towards a Unified Approach to Access Control and oncurrency 

Control," PhD dissertation, Johns Hopkins Univ., May 2006. 

Authors 

Guda Shruthi received her B.Tech. in Computer Science and Engineering from Dr. VRK 
college of Engineering, Karimnagar, A.P, India and M.Tech. in Software Engineering from 
JITS, JNTU, Warangal, A.P, India. Currently, she is an Assistant Professor in the Department 
of Computer Science and Engineering, BITS, Warangal, A.P, India. She has more than 5 years 
of experience in teaching. Her research area of interest includes Computer networks, software 
engineering and neural networks. 

Jayadev Gyani received his M.Tech. in Computer Science and Engineering from Osamania 
Uni verity, Hyderabad, India and Ph.D. in Computer Engineering from Central university of 
Hyderabad, India. Currently, he is a Professor in the Department of Computer Science and 
Engineering, JITS, Warangal, A.P, India. He has more than 16 years of experience in teaching. 
He also has Publications and presented more than 27 papers. 



630 | 



Vol. 2, Issue 1, pp. 622-631 



International Journal of Advances in Engineering & Technology, Jan 2012. 

©IJAET ISSN: 2231-1963 



R. Lakshman Naik received his B.Tech. in Electronics and Telecommunication from SIET, 
JNTU, Krishna, A.P, India and M.Tech. in computer science and engineering from BITS, 
JNTU, Warangal, A.P, India. He also served as a System's Engineer in Wipro Technologies. 
He has Publications more than 7 papers in area of computer networks, Data mining and 
neural networks. 



G. Sireesh Reddy received his M.Sc. in computers from KNR PG & Degree College 
Warangal, A.P, India and M.Tech. in computer science and engineering from BITS, JNTU, 
Waranagl, A.P, India. He also served as a Software Engineer in Syntel India Ltd. His research 
area of interest includes computer networks. 




631 | 



Vol. 2, Issue 1, pp. 622-631 



International Journal of Advances in Engineering & Technology, Jan 2012. 

©IJAET ISSN: 2231-1963 



Estimation and Optimization of Prosodic to 
Improve the Quality of the Arabic Synthetic 

Speech 

Abdelkader CHABCHOUB & Adnen CHERIF 
Signal Processing Laboratory, Science Faculty of Tunis 1060, Tunisia 



Abstract 

The prosody modeling has been extensively applied in speech synthesis. This is simply because there is an 
obvious need for every speech synthesis system to generate prosodic properties of speech, for a natural and 
intelligible synthetic speech. This paper introduces a new technique for the prediction of a deterministic 
prosodic target at an early stage which relies on probabilistic models of F0 contour and may predict the 
duration. This paper, also, proposes a method that searches for the optimal unit sequence by maximizing a joint 
likelihood at both segmental and prosodic levels. This method has successfully been implemented in the analysis 
corpus for developing the Arabic prosody database which itself is the input of the Arabic speech synthesizer. 
This paper, also, shows a drastic improvement in the Arabic prosodic quality through extensive objective and 
subjective evaluation. 

KEYWORDS.' Segmental duration, pitch, predictive, prosodic Model, Neural Network, speech synthesis, 
Arabic speech. 

I. Introduction 

Generating natural sounding prosody is a central challenge in text-to-speech synthesis (TTS), which is 
nowadays a technology that enables computers to talk and assist people in learning languages. While 
existing synthesis techniques produce speech that is intelligible, few people would claim that listening 
to computer speech is naturally or expressive. Therefore in recent year's research in the areas of 
speech synthesis were directed more towards improving the intelligibility and natural of synthetic 
systems to achieve better quality, tone of voice as well as its synthetic speech and intonation [1] [2]. 
In several systems, the usability of systems-speech voice that produces a good quality still need 
extensive research to be able to increase its overall use. 

In the Arabic language the processing linguistic and prosodic [3] is essential for the synthesis quality. 
So processing station based on the modification of the Arabic prosodic (optimization of the pitch and 
predictive duration) trained to improve the new Arabic voice. From the phonetic point of view, this is 
the processing of prosodic parameters defined by: the fundamental frequency (F0), segmental duration 
and intensity. Modeling of these parameters is the main target of our research work which essentially 
concentrates on the fundamental frequency and duration [4]. 

This paper is organized as follows. In Section 2, the morphological model of the Arabic language will 
be presented with, in particular the concepts of word. Section 3 describes the corpus used in the study 
and presents a list of phonemes and the corresponding acoustic parameters for each phoneme 
(duration and F0). These values are entered in the module to change the parameters that will optimize 
the prosodic parameters (pitch and duration) which will be presented in Section 4. Section 5 presents 
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the results and evaluation of the algorithm as well as the implementation of the speech synthesis 
system. 



II. Database of Arabic Speech Prosody 

The quality of a speech synthesis system depends on the intelligibility and naturalness of speech 
generated, hence the need for generating prosody quality. Our database has been developed to be used to 
improve the quality of Arabic synthetic speech with MBROLA [5]. 

The fundamental idea is to create a speech corpus consisting of phone sequence phonemic/prosodic 
context combinations that forms a specially structured subset of the set of all such combinations, and 
then use Arabic prosody transplantation [6]. 

The modules are cascaded in the order Phonetisation-Duration- Pitch. The input is a pair of a speech 
signal file and a time-aligned phonemic annotation, followed by phoneme validation (code SAMP A), 
followed by an identification of the voiced and un-voiced frames (V/NV), followed by duration 
extraction, followed by pitch extraction [7] and finally followed by Prosodic modification/optimization. 
This algorithm results are the entries of our Arabic prosodic database. The main data flow steps are 
shown in Figure 1 it represents the generation of the database. 




Original speech 




Automatic annotation and segmentation 




Prosodic modification and optimization 



V 



Arabic Prosodic database 



Figurel. Arabic prosodic database generation with prediction duration and pitch optimization algorithm. 

2.1. Description of the corpus of analysis used 

The corpus, which we used to build our database, is composed of 120 sentences, with an average of 5 
words per sentence. These sentences contain in total 1296 syllables, 3240 phonemes, including a short 
vowels, long and semi- vowels [j and cs], fricatives consonants, plosives and liquids consonants [j and 
J] and nasal consonants [<* and u]. Breaks were characterized with a "_" in the text corresponding to the 
natural voice. These sentences were read at an average speed (from 10 to 12 phonemes / second) by a 
speaker who did not receive any specific instruction to avoid any influence that could affect spontaneity. 
These corpus were recorded with a 16-Khz sampling rate and encoding 16 bits. 



2.2. Segmentation and labeling of the corpus 

Continuous speech corpus has been segmented and 
involves the following steps [12]: 



labeled by a semi-automatic procedure, which 
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• Step 1: phonetic spelling manual transcription of each sentence using the SAMPA transcription 
system. 
• Step 2: Automatic segmentations by Praat. 

2.3. Automatic segmentation of the corpus. 

The extraction of pitch is an important step. For a period (ms) of phonemes, we extract the pitch in 
several positions that will be the parameters of the input file for the MBROLA, resulting in a pitch 
extraction algorithm robust and accurate, providing a good quality synthetic speech. 

2.4. Identify the voiced and un-voiced frames. 

The automatic segmentation of a speech signal is used in order to identify the voiced and un-voiced 
frames. This classification is based on the zero-crossing ratio and the energy value of each signal frame. 
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Figure2. Voiced zone Arabic Sentence ",s->W door" This figure represents an automatic segmentation. For 
example, between [0.4, 0.75 (s)] as the voiced sections corresponds to a low Zero Crossing and high Energy. 
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Figure3. Un-voiced zone, Arabic Sentence "o^, sun" This figure represents an automatic segmentation. For 
example, between [0.65, 0.8 (s)] that the un-voiced sections corresponds to a high Zero Crossing and low 
Energy. 

2.5. Duration and pitch extraction 

The extraction of pitch is the next step. Copying the phonemes, the durations of the phonemes from the 
annotation file and measuring the pitch values from the original recording of a human utterance allows 
best case speech synthesis. To extract pitch from the recordings a Praat script called max- pitch was 
implemented as in [8], this script goes through the Sound and TextGrid files in a directory, opens each 
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pair of Sound and TextGrid, calculates the pitch maxima of each labeled interval, and saves the results to 
a text file [9]. The implementation of this script caused another problem and some modifications to the 
script were made. The inputs to this script are WAV files and TextGrid annotation files. 

The Praat pitch extraction file produces one TXT file with the pitch values of all the phonemes in the 
files in the directory. The output "pitchresults.txt" file contains the following information: 

1. File names of the files in the directory. 

2. Labels. 

3. Maximum pitch values of the labeled intervals in Hz. 

The pitch results file for one file in a directory is shown in the following example: automatics extract 
Praat script .pho " j^ j*ll y^-^ " 
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III. Arabic Prosodic Modelling 

3.1. Prediction models of segmental duration 

Study analysis on the automatic generation of time have experienced many changes in recent years. The 

model proposed in this paper is based on two basic criteria that are: linear prediction and neural 

networks. 

The model of W. N. Campbell assumes that the temporal organization of a statement is made at a higher 

level in terms of phonemes. Two stages are distinguished in the implementation of this model, the first is 

the prediction of syllabic duration and the second is the prediction of syllable phoneme durations. 

A learning process automatically allows the prediction of syllable durations. It uses neural networks for 

learning because it is assumed that they can learn the fundamental interactions between contextual 

effects. These should represent the behavior governed by rules that are implicit in the data. If the 

networks can encode the fundamental interactions, , then they would do the same with data not 

previously encountered [10]. 

Regarding the segmental durations, their distribution is given by the calculation of a coefficient of 

elongation (deviation from the mean). Campbell has suggested that all the phonemes of one syllable 

have the same elongation factor z: z-score. The z-score of each phonemic realization of the corpus of 

study is calculated by: 

= (dureeobser vee realisatio n - y phoneme ) 

^ realisatio n V / 

phoneme 

Where |i phoneme and o phoneme are the mean and standard deviation obtained from the absolute time of the 
achievements of each phoneme in the corpus. So, every time a phonetic realization is normalized by 
using the z-score (mean = and standard deviation = 1) the durations of the syllables will be determined 
by the neural network[ll]. Moreover, the model will calculate the z-score associated with each syllable 
by solving the following equation: 



n 

Duree(syllabe) = '^ i exp(jU i + zCF;) (2) 
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The sum on the phonemic elements of the syllable, z is the z-score associated with that syllable and the 
pair (|ii and Oi) contains the mean and standard deviation associated with the phoneme i and obtained 
from the logarithms of the durations of achievements (in milliseconds) of this phoneme in the corpus. 
Thus, the duration of each phoneme of the syllable is calculated using equation (3). 

Duree {phoneme .) = exp(^ + z<j.) (3) 
3.2 F Prediction Module Based on a Neural Network 

Neural networks provide a good solution for problems involving strong non-linearity between input and 

output parameters, and also when the quantitative mechanism of the mapping is not well understood. 

The use of neural networks in prosodic modeling has been reported in [13] and [14], but those methods 

do not make use of a model to limit the degrees of freedom of the problem. Additional care must be 

taken in order to account for the continuity of F contours (using recurrent networks). In the proposed 

model, the continuity and basic shape of F contours are ensured by the F model [15] [16]. 

In this paper, three types of neural network structures are evaluated: the multi-layer perceptron (MLP), 

Jordan (a structure having feedbacks from output elements), and Elman (a structure having feedbacks 

from hidden elements). The latter two neural network structures are called partial recurrent networks, 

and are tested here in order to account for the mutual influence of neighboring accentual phrases. 

All structures have a single hidden layer containing either 10 or 20 elements. For the experiments, we 

utilized the SNNS neural network simulation software [17]. The results of F contour prediction on the 

test data set are shown in Figure.4. 

Figure.6 shows the pitch contour of an original and synthetic speech used with our system. 
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Figure 4. Evaluation of the fundamental frequency F0 of the Arabic phrase "^^ <-*£ Aas ^ Jo*^ ^^ ^ A ^ > ^ 
" top-down voice signal, the varieties of F0 autocorrelation method, spectral method, annotation segment 
average F value of syllable and F estimation by MOMEL. 

IV. Results and Evaluation 

4.1 Implementation of prosodic values into MBROLA 

MBROLA synthesis system is a multilingual; it was originally designed based on the characteristics 
phonostactics of the French language, our synthesis system requires for its adaptation to the Arabic 
language, with adjustments segmental and prosodic. 

A first look at the results of the system showed that although there were similarities between the natural 
and synthetic versions, there is a considerable resemblance between the natural and synthetic F 
contours. Only a few minor differences can be observed, since the F values were extracted only once 
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every 10ms. Also note the halved F in the creaky parts of the synthetic versions which successfully 
simulated creak. Similarly for the spectrogram there is small difference with the estimation algorithm. 
This can be seen in Figure.5 and Figure.6. 

The implantation of our algorithm of estimation optimization of prosodic parameters produced an 
Arabic synthetic speech intelligible and natural. 
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Figure5. Neutral and Synthesis speech, signal and spectrogram, Arabic Sentence «^ l£! 
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Figure6. Neutral and synthesis speech, pitch contour, Arabic Sentence, « ^jll J£i ». 
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4.2. Subjective evaluation 

Evaluation consists of a subjective comparison between the 4 models. A comparison category rating 
(CCR) test was used to compare the quality of the synthetic speech generated by our system, Euler 
system, Acapela system and natural speech models. The listening tests were conducted by four Arab 
adults who are native speakers of the language. All listeners are born and raised in the Arab countries. 
For both listening tests we prepared listening test programs and a brief introduction was given before the 
listening test. They were asked to attribute a preference score according to the quality of each of the 
sample pairs on the comparison mean opinion score (CMOS) scale[18]. Listening test was performed 
with headphones. After collecting all listeners' response, we calculated the average values and we found 
the following results. In the first listening test, the average correct-rate for original and analysis- 
synthesis sounds were 98% and that of rule-based synthesized sounds was 90%. We found the 
synthesized words to be very intelligible Figiure7. 
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Figure7. Average scores for the first test (system Euler, our system, natural speech and Acapela system, for the 
intelligibility of speech. 

V. Conclusions 

A new high quality Arabic speech synthesis technique has been introduced in this paper. The technique 
is based on the estimation and optimization of the prosodic parameters such as pitch and duration for 
MBROLA method. It has also been shown in this paper that syllables produce reasonably natural quality 
speech and durational modeling is crucial for naturalness with a significant reduction in numbers of 
units of the total base developed. This was readily observed during the listening tests based on high 
quality and objective evaluation when comparing the original with the synthetic speech. 
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Abstract 

Controlling the quality of materials, components, batches, products and assemblies during the course of 
manufacture is probably the most popularly recognized Quality Control activity. A charting and pattern 
recognition tool has been developed using Visual Basic and MS-Excel to automate the drawing of control 
charts. This can also enable better visualization of process data and provide automated recognition of basic 
unnatural patterns responsible for process to go out of control. Data mining has emerged as an important tool 
in extracting the knowledge from process databases. An out of control condition can trigger an appropriate data 
mining technique if any unnatural pattern is found in any control chart for a particular quality characteristic of 
any stage of the process. Process data can be analyzed by independent data mining technique to discover 
hidden patterns in the parameters that control the manufacturing process to improve the quality of products. 
Expert system database of the organization may be updated by the extracted knowledge from various stages of 
the process. An algorithm shall be developed that can control input parameters to various stages of the process 
so as to achieve its over all performance by making use of comprehensive expert system database of the 
organization along with the integration of control charts and data mining. 

KEYWORDS' Data mining, control chart, Pattern recognition, data visualization 

I. Introduction 

Data mining is a collection of tools that explore data in order to discover previously unknown 
patterns. [16] Data mining applications include manufacturing process control, quality control, 
condition monitoring and fault diagnosis, optimization of manufacturing yield etc. It is a blend of 
techniques and concepts from statistics, AI, machine learning, neural networks, data visualization, 
pattern recognition etc. 

Control chart may be defined as "a graphical method for evaluating whether a process is or is not in a 
state of statistical control". It is a chronological (hour-by-hour, day-by-day) graphical comparison of 
actual product, part or other unit quality characteristics with limits reflecting the ability to produce as 
shown by experience on the unit-quality characteristics. [5] This paper focuses on application of 
control charts in monitoring the out of control condition that may occur at any stage of manufacturing 
process. If any out of control condition is found the reasons for the variation outside the stable 
patterns shall be discovered by appropriate data mining techniques like association rule, decision tree, 
regression, neural network etc and corrections are applied to input process parameters to control the 
product quality. This paper consists of six sections. In Section 2, definition of quality and causes for 
variation in quality are presented. In Section 3, types of control charts are described. Interpretation of 
control charts and basic tests that can be considered for pattern analysis on X chart are presented in 

Section 4. In Section 5, the methodology of integrating control charts and data mining for process 
control is presented. Finally the conclusions of this paper are presented in Section 6. 
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II. Quality 

Quality is defined simply as meeting the requirements of the customer and this has been expressed in 
many ways 

> Fitness for purpose or use 

> The totality of features and characteristics of a product or product that bear on its 
ability to satisfy stated or implied needs 

2.1 Variation in Quality 

Every process and its output are subjected to variation. No two things can be made exactly alike. 
There are two types of causes responsible for change of dimensions (quality characteristics) on any 
component manufactured. 

> Inherent or Random (chance) sources of variation: This is caused by large number of chance 
factors and depends on rigidity of machine tool and its process capability etc. 

> Assignable causes of variation: This is caused by human factors, tool wear, machine wear, 
tool getting loose, difference in raw materials, environments which can be eliminated. 

Quality control uses inspection as a valuable tool. In quality control programme inspection data are 
effectively used to take prompt corrective actions to arrest the incidence of defects in the job on hand 
and to plan the prevention of similar defects in future conceptually. The broad areas of application of 
quality control are incoming material control, process control and product control. [1, 13, 18] 

III. Types of Control Charts 

There are two fundamental types of control charts [5] 

• Measurement or variables charts(of which the most popular are X ,R, S charts) for use when 
actual readings are taken 

• Charts for use with go and no go or attributes are called p, np, c and u charts 

Once the quality characteristic to be studied has been determined; data is collected and samples must 
be properly selected by the principle of rational sampling. Rational samples are groups of 
measurements, the variation among which is attributable to one system of causes. Examples of non 
rational sampling include sampling from parallel machines, sampling over extended period of time 
and sampling from products of several sources. 

If the quality related problems are not easily solved in numerical form, then Attribute Control Charts 
(ACC) are useful. ACC tools are effective for detecting quality improvement or degradation. ACC is 
used to evaluate the variation in a process where measurement is an attribute i.e. is in discrete or count 
(e.g. pass/fail, number of defects). In ACC defining sample size is a problem. A fuzzy based model 
for ACC in multistage processes was developed and the model is solved by GAs (Genetic Algorithms) 
and the sample size is suggested. [19] 

IV. Interpretation of Charts 

• When interpreting charts, it is important to start with the R chart and get it under statistical 
control first because the limits of X chart depend on the magnitude of the common cause 

variation of the process measured by R. If some points on the R chart are initially out of 

control, the limits on X chart will be inflated. 

• The occurrence of trend or recurring cycles in the data pattern can indicate that system 
experiencing a drift or cyclical change with respect to its mean or range 

• Run of points above or below the center line may be indicating small shifts in the mean or 
level of variability 

When ever an out of control condition is indicated, it is important to determine the basic process fault 
that is producing it. Some useful generic conditions to look for include the following: 

• Trends/cycles :- Systematic change in the process environment, worker fatigue, maintenance 
schedules, wear conditions, accumulation of waste materials and contamination 
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• Sudden shifts in level :- New machine, die or tooling, new batch of material, change in 
measurement system and change in production method 
The unusual patterns were fairly obvious even through the most careful examination of the charts. 
Often, special causes of variation produce patterns that are less obvious. Therefore more rigorous 
pattern examination should generally be conducted. Several useful tests may be performed by 
dividing the distance between upper and lower control limits into six zones as shown in Fig-1. Each 
zone is one standard deviation wide. The zones are termed as Zone A, Zone B, Zone C from the upper 
control limits toward the central line. The lower side is reflected as mirror images. The probabilistic 
basis for the tests to be discussed using the zones is derived from the normal distribution. Basic tests 
that can be considered for pattern analysis on X chart are presented in Fig.2. How ever some tests are 

applicable for attribute charts that don't follow the normal distribution. Test 1 works for all types of 
attribute charts. More over Test 2, Test 3 and Test 4 are applicable for p chart. [8] 



LEGEND 
UCL: Upper Control Limit 

UWL: Upper Warning 
Limit 

CL: Center Line 

LCL: Lower Control Limit 

LWL: Lower Warning 
limit 

+SL: Upper Sigma Limit 

-SL: Lower Sigma Limit 




Fig-1 Zone Rules for control chart analysis 



Test 1: The existence of a single point beyond Zone A signals the presence of an out of control 
condition. (Extreme points) 

Test 2: Two out of three points in Zone A or beyond signals the presence an out of control condition 
Test 3: Four out of five points in zone B or beyond signals the presence of an out of control condition 
Test 4: Seven or more successive points either strictly above or strictly below the center line (this rule 
is applicable to both X and R charts) 

Test 5: When six successive points on either X or R charts show a continuing increasing or 

decreasing trend, a systematic trend in the process is signaled 

Test 6: When 14 successive points, oscillate up and down on either X or R charts, a systematic trend 

in the process is signaled 

Test 7: When eight successive points, occurring on either side of the center line with none in Zone C, 

an out of control condition is signaled 

Test 8: When fifteen successive points on the X chart fall in Zone C only, to either side of the center 

line, an out of control condition is signaled 

Although these tests can be considered as basic, they are not totally comprehensive. Analyst should be 

alert to any patterns of points that might indicate the influence of other special causes in the particular 

process. Tests 1, 2, 5 and 6 are separately applied to the upper and lower halves of the chart. Tests 3, 

4, 7 and 8 are applied to the entire chart (X and R charts). Points can contribute to more than one test. 

[1,8,13,18] 
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Fig-2 Pattern analysis of X charts 

Integration of Control Charts and Data Mining for Process 
Control 



To plot control charts and drawing conclusions from them requires collection and organizing the 
process data, determining control limits, recognition and analysis of unusual patterns exhibited by the 
process. More over plotting the charts manually for different quality characteristics becomes tedious 
work and error prone. This consumes more time and requires greater attention. A charting and pattern 
recognition tool has been developed using Visual Basic and MS-Excel [7, 9] to automate the drawing 
of control charts. This tool provide better visualization of process data and enable automated 
recognition of basic unnatural patterns responsible for process to go out of control. 

Typical data entry sheet for manual collection of sample data to draw X and R charts is shown in Fig- 

3. X and R charts generated by the charting tool is presented in Fig-4 for typical data. (XDoubleBar: 

Arithmetic mean of the sample averages, RBar: Arithmetic average of sample ranges) Pattern 
recognition tool performs tests on collected data to discover basic unusual patterns responsible for 
unstable process. Passing of a test indicates absence of unusual pattern linked with that test and vice 
versa. A typical output showing the outcome of tests performed on X and R charts is given in Fig-5. 
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Fig-4 X and R charts generated by the charting tool 
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Fig-5 Outcome of tests performed on X and R charts 

Quality troubles often gradually "drift" into a process. Tool wear deflection, tool temperature or an 
improperly ground tool may result in a trend which finally leads to production of non-conforming 
parts. A chart which compares actual production variations with control limits may flag the entrance 
into the process of this sort of quality trouble before scrap or rework is actually caused. Unusual 
variation caused by assignable causes may represent temporary difficulties that can be eliminated with 
out much expenditure. [5] 

Classical methods like control charts aim to monitor the process not to infer the relationship between 
target attribute and input attributes. [16]. The goal of mining quality related data is to find the relation 
between the quality measure (target attribute) and input attributes (manufacturing process data). The 
idea is to predict the quality measure of a certain product/ batch based on its process parameters. 
The control signature is a set of feature values or ranges that lead toward an expected output. Rough 
set theory was used by Kusiak to determine the association between control parameters and product 
quality in the form of decision rules and generated control signature from those rules. [15] The 
manufacturing parameters include the characteristics of the production line such as machine that has 
been used in each step, how machine has been set up, raw material in the process, environment 
(moisture, temperature), operators on the production line (experience level of worker, which have 
been assigned on each machine in the line), the shift number and other significant factors. [16] 
Data is collected electronically and stored in databases in modern plants. The volume of collected data 
makes it impractical to explore and detect intricate relations between parameters of different 
processing steps using standard statistical procedures. Also comprehensive manual analysis of 
voluminous data becomes prohibitive, especially on-line monitoring and control of manufacturing 
processes are considered. 

Data can be analyzed by data mining techniques to identify hidden patterns in the parameters that 
control manufacturing processes or to determine and improve quality of products. [2] 
"Interestingness" (of pattern) is usually taken as an overall measure of pattern value, combining 
validity and novelty, usefulness, simplicity and understandability. The measures of interestingness can 
be classified into objective measure and subjective measure. An objective measure depends on 
structure of pattern and underlying data used. Subjective measure depends on the class of users who 
examine the patterns. These are based on two concepts. [17] Unexpectedness (a pattern is interesting 
if it is unexpected) and actionability (a pattern is interesting if the user can use it to his or her 
advantage) of the pattern. 

Study of entire process data/factory data altogether to discover the problem areas instantly affecting 
subsequent processes requires consideration of hundreds of attributes simultaneously. During the 
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product design and development process data mining can be used in order to determine "internal" 
factors at each stage and "external" factors at consecutive and previous stages. Data mining can be 
seen as a supporting vehicle for determining causal relationships among "internal" factors associated 
with manufacturing processes and external factors related to the competitiveness of the manufacturing 
company. Since manufacturing have an inherently temporal context, time factors may be taken into 
process in order to correctly interpret the collected data, (e.g., from a certain production date the 
number of defects is much higher than normal) 

The deviation of process data from the normal and/or discernible pattern detected over time may have 
an adverse impact on current and subsequent stages. Extracted knowledge may include classification 
to predetermined types of deviation from the norm and causal relationships among temporally 
oriented events. [6] 

Different data mining techniques may be applied with independent goals at each stage of the process. 
The failed batch / yield identified by a date can help in identifying the cause relating to faulty 
equipment or tool or material etc. Condition based monitoring information could come from either or 
both on-line condition monitoring data and historical records. Process analysis is concerned with 
optimizing inter related processes with in an enterprise. Identifying inter relationships among these 
processes has proven a valuable field of data mining technology. The knowledge extracted by mining 
process databases at various stages can be integrated with existing expert systems of the organization. 
Various decision making tools can be networked in support of globally optimal decisions. [3] Data 
mining tools have shown a profound impact on informed, transparent and autonomous decision 
making. An algorithm can be developed to integrate overall system performance with the component 
systems based on extracted knowledge. 

Control chart helps in monitoring a particular stage of a process and necessary for the development of 
process know how. It can trigger a specific data mining technique applicable for that stage if any out 
of control pattern is detected and expert system database of the organization can be updated with the 
extracted knowledge. Fig-6 shows the integration of control charts and data mining for process 
control. 
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Fig-6 Integration of control charts and data mining for process control 
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VI. Conclusions 

This paper presented the methodology for the integration of control charts with data mining 
techniques to achieve process control. Knowledge may be extracted by applying data mining 
techniques on temporal data collected at various stages of the process; condition based monitoring 
data of equipment, tools etc and analysis of defects in products/components produced. 
Expert system database of the organization may be updated by the extracted knowledge from various 
sources as mentioned above. An algorithm can be developed to integrate over all process performance 
(e.g. performance parameters, production indices, yield, company goals etc) with its component stages 
through comprehensive expert system database. The algorithm is expected to provide optimal process 
parameters (input) to each stage of the process so as to improve over all process performance. 
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Abstract 

In this paper we have proposed a novel technique to retrieve the images from large image databases based on 
the spatial contents of the image to extract the low level features from it for CBIR. In this work image is 
separated into 3 planes and for each plane we have calculated the histogram which is partitioned into three 
equal parts to obtain the 27 bins. These bins are holding the spatial-color information of the image in various 
forms which is generating the different types of the feature vector databases. Three different set of bins are 
designed to be used as feature vectors containing the total R,G, and B intensities, in R, G and B bins 
respectively, second form is containing the mean of R,G and B and third is holding standard deviation of R, G 
and B values in R, G, B bins respectively. This leads to generation of three feature vector databases where size 
of each feature vector in all databases is 27. Experimentation includes comparison of 100 query images with 
1000 database images (Augmented Wang database) using two similarity measures named Euclidean distance 
and Absolute distance. Results obtained for three feature databases are compared based on the similarity 
measures reflecting the performance variations of different approaches used. These results are then analyzed 
and refined using three criteria in this work named Criterionl: Strong, Criterion2: Average and Criterion3: 
Weak. It has been observed in our results that bins holding standard deviation of R, G and B intensities 
performing better among all three approaches and refined results using cireterion3 giving very good results as 
compared to other two. 

KEYWORDS' CBIR, Histogram Partitioning, Mean, Standard Deviation, Euclidean Distance, Absolute 
Distance, LIRS, LSRR, PRCP. 

I. Introduction 

This paper explores the new and effective technique to retrieve the images from large image databases 
using the image contents. Early image retrieval methods locate the desired images by matching 
keywords that are assigned to each image manually. However because of large number of images it is 
impractical to assign keywords to every image and even difficult to process them manually. Now a 
days, content based image retrieval seems to be very popular and fastest growing research area. In all 
the CBIR system the overall work can broadly be divided into two parts, First, Feature extraction and 
Second, selecting and applying the similarity measure which will retrieve the image closer to query 
with less complexity and good accuracy in terms of precision and recall [1],[2]. Most of the CBIR 
systems are using the primitive features of the images denoting the visual information including the 
color, shape and texture features [3], [4], [5], [6]. Color is independent of image size and orientation, as it is 
robust to background complication.[7],[8],[9],[10],[ll]. We are focusing on the use of color information 
of the image obtained by calculating the image histograms to extract the feature vectors [12]. 



649 | 



Vol. 2, Issue 1, pp. 649-659 



International Journal of Advances in Engineering & Technology, Jan 2012. 

©IJAET ISSN: 2231-1963 

Histogram is most commonly used technique to represent global feature of the image which is 
invariant to translation and rotation of the image [13], [14], [15], [16]. Histogram for an image is 
constructed by counting the number of pixels of each color intensity level. [17], [18], [19],[20],[21]. 
If we consider the histogram as a feature vector directly for comparison process, although it is small 
vector representing the image it would be better if further we can reduce the size of the feature vector 
so that comparison computations can be minimized and complexity can be reduced [22], [23]. Keeping 
this goal in mind we have calculated the histogram of each plane of the image which is divided into 
three equal parts. This partitioning of the histogram is based on dividing the number of pixels equally 
in three parts. The intensity where this partition takes place is taken into consideration on the basis of 
which actual 27 bins are formed to be considered as feature vectors. Here three feature vector 
databases are formed based on three different parameters. Feature extraction from each of these bins 
is nothing but the color information representation in three different ways as the total intensities, 
average intensities and the standard deviation of these intensities in each bin. As second part of CBIR, 
this system is tested using the query by image, given as input which is compared with the 1000 
database image feature vectors using two similarity measures named Euclidean distance and Absolute 
distance [24], [25]. An image similar to the query where the distance is less is selected for retrieval. To 
evaluate the performance of the system instead of using the traditional parameters precision and recall 
as it is, we are using 'Precision- Recall Cross over Point (PRCP)' to evaluate our system's 
performance [26], [27]. Further these results are analyzed and refined using three simple criteria 
designed [28], [29]. Criterion 1, and 2 and 3 gives the gradual increase in the performance level of our 
system. Orientation of this proposed work is as follows: Section2 explains the feature extraction 
process, Section3 describes application of the similarity measures, experimental results and analysis, 
and performance evaluation of the system is given in section 4, Work done is concluded section 5. 

II. Feature extraction 

Feature extraction process starts with separation of image into R, G, B planes. Then computing the 
histogram of each plane which is divided into parts to generate the bin addresses and finally it ends 
with formation of bins to represent the feature vectors is explained below. 

2.1. Histogram Plotting and Partitioning 

As mentioned above each image for which the feature to be extracted is separated into R, G and B 
planes [32]. Histogram for each plane is computed separately. Once the histograms are obtained each 
is divided into 3 equal parts based on the total number of pixels in the image . This gives two 
separation points of three parts, where the intensity levels are taken into consideration as Grey Level 1 
and 2 as GL1 and GL2 respectively. Each part of histogram is assigned an id as 0, 1 and 2. As shown 
in figure. 1. Same process is repeated for 3 planes. 

a. Original Image b. Red Plane c. Histogram of Red Plane with Partitions 



a a 



GL1= (m*n)/3 

GL2= 2(m*n)/3 

Where, m no of rows and n is no 
of columns of an image 



500 
400 -1 






300 1 
200 II 




- 


100 I 
n I" 


IHklP Part 1 


Part 2 



Figurel. a. Original Image b. Red plane c. Histogram with partitions (Red Plane) 
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2.2. Bins Formation 

This process uses the information obtained from the histogram. As shown in Figure 1, the histogram 
gives two grey levels named as GL1 and GL2 for 3 partitions. These grey levels are used as threshold 
for the pixel to be counted in a bin which decides that in which part of the histogram it falls either 0, 1 
or 2. According to this logic, for each pixel from the original image with its R, G, B values it will be 
checked that which part it belongs in the respective histogram and a flag will be assigned to it. This 
way the flag will have 3 values in range (000 to 222) total 27 possibilities as each pixel has three 
components R, G and B. This 3 digit flag assigned to each pixel actually generates the address of the 
bin for that pixel to reside or to be counted. The bin address can be identified using the following 
Equation 1. 

Bin _ Address =(9r + 3g+b) ( 1 ) 

Where %"g' and 'b' are the flag digits for R, G and B values 
respectively for the pixel in process 

e.g if the flag values are r =2, g=l and b=l then that pixel will be counted in Bin_22. 

2.3. Feature Vector Databases 

Once the bins are formed as explained in 2.1 and 2.2, we thought of the roles these bins can play in 
terms of containing the information. Based on this we commanded the bins to carry pixel information 
in 3 different ways which classifies the bins into 3 formats. First is 'Bin_Total_R_G_B' holds the 
total red, green and blue intensities of the pixels counted in that particular bin separately. Second is 
'Bin_Mean_R_G_B' carrying the mean R, G, and B values of the number of pixels in each bin and 
third format is 'Bin_Standard_deviation_R_G_B' which counts the standard deviation of the R, G, B 
intensities of the number of pixel in each bin separately. The way these parameter are computed is 
given equation 2, 3 and 4. As explained earlier total bins obtained are 27 from 000 to 222. and as we 
are considering R,G B separately along with the three parameters to represent the feature vector; we 
have multiple feature vector databases 3(R, G and B) for each of the three formats- Total, Mean and 
Standard deviation where each feature vector is having 27 components. Same process is applied to all 
1000 images in the database and feature databases are prepared as pre-processing part of this work. 
Means in all there are 9 feature vector databases for which the comparison should take place. 
Let there be N pixels in a bin. Each pixel having intensity level as Ri, Gi and Bi respectively for R,G 
and B planes. 



Bin Total R 



* =i>, (2) 



T 

- 1 ^ 



Bin Mean R ^ R = — V R _ _JL (3) 

Bin_Standard_deviation ■* R = — j ]T (r - r) Where R is Bin_Mean_R (4) 

Similarly the parameter values Gi and Bi for Green and Blue planes are calculated respectively. 

III. Feature Vector Matching and Indexing 

Once the feature vector databases are prepared, comparison process has to be followed. In this work 
feature vector is extracted for the query image just the same way it was extracted for all database 
images. Two similarity measures, Euclidean distance and absolute distance [24], [25] are used in 
actual comparison process. When user enters the query image; feature vector will be extracted and 
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then Euclidean and Absolute distance between these two is calculated using following equations 2 and 
3 respectively. Now to find the match with query; we have selected the images from the database 
having less distances in the retrieval set. In this process no thresholding is done but to limit this 
retrieval, we have taken first 100 images having less distances are selected for the final retrieval (Out 
of 1000). This may include either relevant or irrelevant images. 



Euclidean Distance : 



DQt'JZKFQt-FI,} 



(5) 



i=\ 



Absolute Distance: 



%=El(^&-^/)| 



(6) 



IV. Experimental Results and Analysis 

4.1 Database and Query Image 

All the approaches discussed above are experimented with the database of 1000 bmp images 
(Augmented Wang Database). It includes 10 different categories of images wherein each of them has 
got 100 images of their own (Includes Flower, Sunset, Mountain, Building, Bus, Dinosaurs, Elephant, 
Barbie, Mickey and Horse). Sample images from the database are shown in Figure 2. 
In this system query is provided as an example image. For which the feature extraction process will be 
applied and query image feature vector will be obtained. This will be compared with all database 
feature vectors using two similarity measure given in Equation 5 and 6. For our experiments we have 
taken 100 images selected randomly from the database itself to be given as query to this system to 
tests its performance. 




Figure 2. Sample Database Images from 10 Different Classes 

4.2 Performance Evaluation 

In most of the CBIR system, two parameters are widely used for the performance evaluation that are 
precision and recall [30],[31]. In our work as we have not chosen the threshold on trial and error 
which sometimes very tedious for the distance calculated between query and database images. Instead 
we are taken the initial string of 100 images to be retrieved as the output for the given query. Before 
we do this it is required that distances should be in sorted order so that first 100 images closer to 
query will be obtained. As we are taking first 100 for retrieval and we have total 100 images for each 
class in database this generates the plot of 'Precision and Recall Cross Over Point'. We are using two 
more new parameters given in Equations 7 and 8 respectively as 'LIRS- Length of Initial Relevant 
String' and 'LSRR- Length of the String to Retrieve all Relevant images' for the comparison and 
analysis of the results to evaluate the system performance [33]. 
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LIRS = 



Length _of _ Initial _ Re levant _ String 
Total _ images _of _ that _ class _ in _ database 



(7) 



LSRR = 



Length _of _ String _ to _ Re trive _ all _ Re levant _ images 
Total _ images _ in _ database 



(8) 



4.3 Results Discussion and Analysis 

As discussed above in section 2.3 we have total 9 feature vector databases as 3 for each plane based 
on three different formats of bins. Results obtained for 100 queries are shown in following tables for 
each plane and each bin parameter ('Bin_Total_R_G_BYBin_Mean_R_G_B' and 
'Bin_Standard_deviation_R_G_B'). Table 1, 2 and 3 shows the results of 100 query images for Red, 
Green and Blue plane for all types of bins using two similarity measures Euclidean Distance (ED) and 
Absolute Distance (AD). The values obtained in last row of all the tables are the average of 10 queries 
executed from each of the 10 classes; last row is the total of all relevant images retrieved out of 
10,000. 

In these results we can observe that performance of the bins goes on increasing from parameter 
Bin_Total_R_G_B' to Bin_Standard_deviation_R_G_B'. For Bin_Total_R_G_B' relevant retrieval is 
around 4000 and 4100 for ED and AD respectively. For Bin_Mean_R_G_B' it is around 4100 and 
4300 for ED and AD respectively and it is very good about 4400 and 4800 for ED and AD 
respectively for 'Bin_Standard_deviation_R_G_B'. 



Tablel. Retrieval Result of Red_plane, 100 queries 
using ED and AD for Bin_Total, Mean and 
Standard deviation RGB' 



Table2. Retrieval Result of Green_plane, 100 
queries using ED and AD for Bin_Total, Mean and 
Standard deviation RGB' 



R-Plane 


TotaLRet 


RGB_BINS 


MEAN_BINS 


STD_BINS 


QUERY 


ED 


AD 


ED 


AD 


ED 


AD 


Flower 


329 


384 


326 


397 


270 


326 


Sunset 


418 


378 


402 


411 


338 


292 


Mountain 


269 


323 


317 


348 


388 


415 


Building 


247 


291 


355 


359 


401 


427 


Bus 


440 


460 


485 


506 


402 


441 


Dinosaur 


430 


414 


462 


619 


798 


873 


Elephant 


391 


385 


365 


401 


478 


478 


Barbie 


251 


258 


297 


304 


359 


334 


Mickey 


497 


505 


580 


609 


542 


589 


Horses 


635 


629 


576 


487 


518 


581 


TOTAL 


3907 


4027 


4165 


4441 


4494 


4756 



G-Plane 


TotaLRet 


RGB_BINS 


MEAN_BINS 


STD_ 


BINS 


QUERY 


ED 


AD 


ED 


AD 


ED 


AD 


Flower 


546 


624 


609 


616 


414 


451 


Sunset 


462 


492 


304 


274 


416 


386 


Mountain 


257 


289 


230 


280 


283 


330 


Building 


235 


288 


333 


335 


399 


443 


Bus 


408 


421 


358 


416 


380 


406 


Dinosaur 


425 


397 


486 


674 


809 


866 


Elephant 


385 


397 


312 


349 


412 


389 


Barbie 


247 


251 


254 


285 


251 


283 


Mickey 


501 


500 


534 


610 


500 


534 


Horses 


497 


532 


391 


399 


439 


491 


TOTAL 


3963 


4191 


3811 


4238 


4303 


4579 



If these retrieval results compared in terms of precision and recall cross over point, it has achieved 
quite good results, 0.4 for Bins_ total and Mean, and 0.5 for Bins standard deviation for the absolute 
distance. We can see that absolute distance is performing well for all the approaches and proving its 
best as similarity measure. Performance of these results are evaluated using two parameters explained 
in equation 7 and 8 and expressed in Tables 4, 5, 6 and 7, 8, 9 for LIRS and LSRR respectively for R, 
G and B planes 
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Table3. Retrieval Result of Blue plane, for 100 
queries using ED and AD for Bin_Total, Mean and 
Standard deviation R G B' 



Table5. LIRS Result of Green_plane, 100 queries 
using ED and AD for Bin_Total, Mean and 
Standard deviation RGB' 



B-Plane 


TotaLRet 


RGB_BINS 


MEAN_BINS 


STD_ 


BINS 


QUERY 


ED 


AD 


ED 


AD 


ED 


AD 


Flower 


330 


406 


490 


513 


524 


577 


Sunset 


566 


575 


458 


457 


334 


441 


Mountain 


338 


328 


283 


348 


259 


283 


Building 


224 


273 


243 


289 


284 


348 


Bus 


409 


400 


471 


531 


393 


424 


Dinosaur 


406 


368 


553 


642 


669 


670 


Elephant 


300 


309 


256 


274 


250 


262 


Barbie 


253 


251 


267 


299 


312 


327 


Mickey 


506 


493 


464 


571 


367 


428 


Horses 


576 


596 


536 


473 


494 


566 


TOTAL 


3908 


3999 


4021 


4397 


3886 


4326 



G-Plane 


LIRS 


RGB_BINS 


MEAN_BINS 


STD_ 


BINS 


QUERY 


ED 


AD 


ED 


AD 


ED 


AD 


Flower 


8 


13 


5 


6 


9 


9 


Sunset 


6 


5 


4 


3 


10 


8 


Mountain 


3 


3 


2 


2 


3 


3 


Building 


2 


2 


2 


2 


3 


3 


Bus 


10 


13 


9 


6 


5 


6 


Dinosaur 


11 


12 


9 


20 


29 


39 


Elephant 


4 


5 


2 


3 


5 


4 


Barbie 


3 


4 


4 


5 


6 


9 


Mickey 


11 


13 


9 


13 


11 


14 


Horses 


10 


14 


9 


8 


15 


14 


Percentage 

% 


7 


8 


6 


7 


10 


11 



Table4. LIRS Result of Red_plane, 100 queries 
using ED and AD for Bin_Total, Mean and 
Standard_deviation_R_G_B ' 



Table6. LIRS Result of Blue_plane, 100 queries 
using ED and AD for Bin_Total, Mean and 
Standard deviation RGB' 



R-Plane 


LIRS 


RGB_BINS 


MEAN_BINS 


STD_ 


BINS 


QUERY 


ED 


AD 


ED 


AD 


ED 


AD 


Flower 


13 


13 


5 


6 


5 


8 


Sunset 


8 


7 


6 


5 


5 


5 


Mountain 


2 


3 


2 


3 


2 


2 


Building 


2 


3 


2 


2 


3 


4 


Bus 


11 


16 


9 


10 


4 


4 


Dinosaur 


11 


11 


10 


22 


26 


45 


Elephant 


5 


5 


3 


3 


8 


7 


Barbie 


5 


5 


7 


6 


12 


14 


Mickey 


14 


16 


10 


11 


20 


23 


Horses 


13 


17 


16 


13 


18 


24 


Percentage 

% 


9 


10 


7 


8 


10 


14 



B-Plane 


LIRS 


RGB_BINS 


MEAN_BINS 


STD_ 


BINS 


QUERY 


ED 


AD 


ED 


AD 


ED 


AD 


Flower 


6 


6 


9 


10 


17 


19 


Sunset 


9 


9 


7 


9 


7 


11 


Mountain 


4 


3 


2 


2 


3 


3 


Building 


3 


3 


3 


3 


3 


3 


Bus 


12 


17 


19 


15 


9 


11 


Dinosaur 


10 


11 


13 


20 


16 


18 


Elephant 


3 


4 


2 


4 


4 


4 


Barbie 


5 


5 


6 


6 


6 


8 


Mickey 


10 


8 


10 


12 


14 


13 


Horses 


7 


12 


8 


9 


18 


20 


Percentage 

% 


7 


8 


8 


9 


10 


11 



All the entries shown in table 4, 5 and 6 are actually the average of 10 queries from each class using 
similarity measures ED and AD. Last row entries in all three tables is average percentage. We can 
observe in above tables 4, 5 and 6 that the length of initial string of relevant images is good for 
'Bin_Standard_deviation_R_G_B' compared to the other two types of bins with absolute distance as a 
similarity measure. 
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Table7. LSRR Result of Red_plane, 100 queries 
using ED and AD for Bin_Total, Mean and 
Standard deviation RGB' 



Table8. LSRR Result of Green_plane, 100 queries 
using ED and AD for Bin_Total, Mean and 
Standard deviation RGB' 



R-Plane 


LSRR 


RGB_BINS 


MEAN_BINS 


STD_BINS 


QUERY 


ED 


AD 


ED 


AD 


ED 


AD 


Flower 


71 


68 


66 


66 


99 


99 


Sunset 


81 


83 


82 


81 


99 


99 


Mountain 


68 


69 


70 


70 


64 


62 


Building 


78 


74 


58 


60 


79 


67 


Bus 


64 


56 


63 


55 


83 


79 


Dinosaur 


98 


99 


75 


53 


16 


14 


Elephant 


86 


89 


63 


64 


63 


52 


Barbie 


99 


100 


99 


98 


98 


99 


Mickey 


100 


100 


96 


97 


96 


81 


Horses 


56 


61 


70 


74 


54 


45 


Percentage 

% 


80 


80 


74 


72 


75 


70 



G-Plane 


LSRR 


RGB_BINS 


MEAN_BINS 


STD_ 


BINS 


QUERY 


ED 


AD 


ED 


AD 


ED 


AD 


Flower 


52 


33 


46 


56 


77 


79 


Sunset 


66 


71 


79 


79 


97 


99 


Mountain 


73 


77 


85 


85 


82 


79 


Building 


80 


79 


69 


69 


75 


55 


Bus 


69 


66 


63 


60 


77 


79 


Dinosaur 


98 


100 


68 


48 


21 


15 


Elephant 


87 


91 


68 


67 


65 


68 


Barbie 


99 


100 


99 


99 


99 


99 


Mickey 


100 


100 


100 


99 


97 


94 


Horses 


63 


70 


75 


75 


88 


85 


Percentage 

% 


79 


78 


75 


74 


78 


75 



Table9. LSRR Result of Blue_plane, 100 queries using ED and AD for Bin_Total, Mean and 
Standard_deviation_R_G_B ' 



B-Plane 


LSRR 


RGB_BINS 


MEAN_BINS 


STD_BINS 


QUERY 


ED 


AD 


ED 


AD 


ED 


AD 


Flower 


55 


53 


61 


70 


61 


70 


Sunset 


39 


49 


58 


61 


91 


89 


Mountain 


75 


81 


92 


91 


93 


95 


Building 


80 


80 


76 


78 


82 


85 


Bus 


71 


70 


65 


65 


78 


84 


Dinosaur 


98 


100 


63 


47 


33 


35 


Elephant 


87 


90 


68 


70 


92 


91 


Barbie 


99 


100 


99 


99 


97 


100 


Mickey 


100 


100 


99 


98 


99 


99 


Horses 


52 


49 


66 


72 


62 


65 


Percentage % 


76 


77 


75 


75 


79 


81 



Table 7, 8 and 9 showing the results of the second evaluation parameter LSRR, which identifies the 
length of the string of images required to retrieved all the images of query class from the database, 
When we observed these results of the second parameter LSRR, it can be noticed that to retrieve all 
relevant which means to make the recall value 1 the length of string of images required to retrieve is 
almost 70 to 80 %. Overall, when we compared the approaches standard deviation is performing 
better among three parameters. It requires length around 70 to 75 % to retrieve all relevant images 
from the database 
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The results obtained for 3 planes are analyzed and we tried to refine them further using the three 

criterion [26] , Criterion 1, 2 and 3. Using these criteria we could combine the three sets of results 

obtained for 3 planes separately. Based on the way they are combined they have produce different 

results. 

Criterionl is called Strong_R_G_B : According to this criterion the image will be retrieved in final 

set only and only if it being retrieve in all the three planes. 

Criterion2: is Called Average _R_G_B: According to this criterion the image will be retrieved in 
final set if it being retrieve in any of the two planes out of three 

Criterion 3 is called Weak R_G_B : According to this the image can be retrieved in final set even if 
it being retrieve in any one plane out of the three results. 

R,G and B Results combined using these three criteria for all bin parameters and for both the 

similarity measures are plotted in following charts 1 , 2 and 3 for 'Bin_Total R_G_B\ 

'Bin_Mean_R_G_B' and 'Bin_Standard_deviation_R_G_B' respectively using both similarity 
measures ED and AD. The values plotted are the precision recall cross over points obtained for the 
final refined results. These values are plotted as average percentage retrieval of similarity in terms of 
cross over points. 




I Criterionl TOTALJBINSED 
i Criterionl TOTAL _B INS AD 
Criterionl MEANBINS ED 
i Criterionl MEAN BINS AD 
I Criterionl STD_BIN S ED 
I Ciitciionl STD BINS AD 
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Figure 3: Criterionl Applied for Total_Bins, Mean_Bins and STD_Bins 
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Figure 4: Criterion2 Applied for Total_Bins, Mean_Bins and STD_Bins 
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Figure 5: Criterion3 Applied for Total_Bins, Mean_Bins and STD_Bins 

V. Conclusion 

In this work information obtained from unequalized histograms is utilized efficiently and effectively 
to form the bins which has produced very good results just on the basis of color information of the 
image. Separating the image into 3 planes and obtaining their histograms separately produces the 
discriminate color information from one image which is used to represent the feature vector. 
Different parameters used to represent the pixel's color information produced different bins formats 
named Bin_Total_R_G_B bins, Bin_Mean_R_G_B bins and Bin_Standard Deviation_R_G_B bins. 
Among these three types of feature vector of 27 components, parameter standard deviation is giving 
very good results as compared to the other two. 

Similarity measure selection is highlighting the effective use of Absolute distance for this system. It 
reduces the computational as well as time complexity and has produced quite good results as 
compared to the Euclidean distance. 

Positive change in the retrieval results is obtained after combining and refining them using three 
criteria. Observing the figure 3, 4 and 5 it can be delineated that among these results criterion3 is 
proving its best by giving the best PRCP (Precision Recall Cross over Point) values, which is reached 
to 9 for few query images and also noticed that it is above 7 for 60% of the query images. 
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Abstract 

Phased array antennas are deployed in electronic systems where high beam directivity and/or electronic beam 
scanning is desired in applications ranging from radar systems to smart antennas in wireless communication 
where errors such as random and/or correlated fluctuations present in the excitation coefficients of a phased 
array can degrade its performance. The errors due to random environmental changes, mechanical variations, 
assembly inaccuracies, mutual coupling effects and mistune or failure of amplifiers and phase shifters etc may 
cause undesirable effects such as decrease in directivity, increase in side lobes and steering the beam in wrong 
direction. In this paper, an adaptive algorithm for the excitation of coefficients of the phased array is 
demonstrated. Here a linear array is considered and the knowledge of the reference signal generated by the 
desired array at the near-field sensors is assumed and the fluctuations in the coefficients of the actual array are 
corrected by means of a gradient based least mean square adaptive algorithm. Requirements for the algorithm 
to converge, its performance without receiver noise and the effects of the dither parameters are studied. 

KEYWORDS' Dithering, Antenna array, phased array, least mean square & near field sensors. 

I. Introduction 

Phased array antennas [1] have acquired a great demand in many applications ranging -from radar 
systems to smart antenna systems where high beam directivity and electronic scanning of beam in 
specific and/or different directions is desired. Within the visible or infrared spectrum of 
electromagnetic waves it is also possible to construct optical phased arrays. They are used in 
wavelength multiplexers and filters for telecommunication purposes, laser beam steering, and 
holography. Synthetic array heterodyne detection is an efficient method for multiplexing an entire 
phased array onto a single element photo detector. 

Irrespective of high costs and complex structure of phased array antennas, there are many advantages 
which include low probability of interception, high jamming resistance, multifunction operation by 
emitting several beams simultaneously, ability to permit the beam to jump from one target to next in a 
few milliseconds etc. 

But it has well known that random and fluctuation errors due to correlation present in the excitation 
coefficients (amplitude, phase) of phased arrays may degrade its radiation pattern that affects the 
desired characteristics. The desired characteristics include decrease in directivity, increase in side 
lobes and beam steering in wrong direction. 

This degradation in desired characteristics may particularly be severe in applications of high 
performance arrays such as in satellite communication where high directivity and low side lobes are 
often required. Degradation in radiation pattern requires high transmitting power or causing 
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interference to neighboring satellites. The sources of errors include those introduced by the random 
variations in the radio propagation channel, mechanical variations of the phased array set up, 
inaccuracies caused during assembly, mutual coupling effects between neighboring elements in the 
array etc. 

The methodology adopted in this paper is given based on the linear array with two near field sensors 
where the coefficients are considered to be perturbed due to the environmental effects around the 
antenna. Later they are dithered and then corrected using the adaptive algorithm of least mean square 
technique. 

The results are presented for a broad side Taylor array of 32 elements with side lobe level of -25 dB. 
The total length of the array is assumed to be 2L = 15.5X with element spacing of 0.5X. The 
normalized current distribution of true and actual array with respect to the element number plotted and 
for the purpose of illustration, we perturb the true coefficients randomly with the magnitude varied on 
a dB scale using log-normal distribution with an RMS deviation of 2 dB and the phase varied 
uniformly with an RMS deviation of 10°. The current distribution of perturbed true and actual array 
along with the dithering applied is also plotted. Later the near field sensed magnetic field and far field 
magnetic fields are plotted showing the degradation in the sidelobe level and broadened beamwidth. 
Then using the adaptive algorithm the performance is improved and results explain themselves that 
after the correction the performance is almost close that of the true array. 

II. Methodology 

2.1. Coefficients in Linear Array 

Here a linear array [5], [6], [7] was considered with dipole elements arranged along x-axis with 
spacing between the elements as 'd' as shown in Fig l.The axis of the dipoles are assumed to lie along 
the z-axis the total number of elements are assumed as 'N\ The distance of the observation point from 
the n-th element is denoted by 4 R n '. The total length of the array is given by 2L= (N-l) d .Two near 
field sensors are placed towards 1 st element and Nth element. The near field sensors are assumed to 
sample the magnetic field, although the theory developed is equally valid for an electric field sensor. 




N f~\ Near Field Sensor 



Fig 1: A Uniform Linear Array comprised of dipoles with proposed positions of near field sensors. 

In the following, the array coefficients with C n is treated as true array (or desired array) and that with 
Cn as actual array. The normalized complex current excitation coefficient of the n-th element is 
denoted by C n - a n e iy/n ' where a n and \|/ n are the magnitude and phase respectively. Now for 
automatically correcting the coefficients Cn, 

We introduce dithering [10][11][12][13] and [14]which means introducing pseudo random 
fluctuations into magnitude and phase of the coefficients for both true and actual array. Here we 
assume a log-normal distribution with a standard deviation of a dB for the magnitude and a uniform 
distribution with a maximum deviation of i for the phase. The dithered magnitudes and phases of the 

true array are 

an = ane avn , a = 0.051n (10)rj 
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\pn = \pn + finA 
Where v n is a unit-variance, zero mean Gaussian random variable and ji n is a uniform random variable. 
Now, the dithered magnetic field vector is computed using the complex current distribution of true 
dithered and actual dithered coefficients. These dithered magnetic fields due to the true and actual 
array are assumed to be observed at the near field sensors. As two near field sensors are placed near 
the first and the N-th, vector addition of the magnetic fields is considered. Finally, the error signal 
which is obtained by subtracting the true dithered coefficients from actual dithered coefficients is 
minimized using a gradient based adaptive algorithm that can be devised to nullify unwanted 
deviations. 

2.2. Adaptive algorithm 

An adaptive algorithm [2] [3] [4] [8] and [9]is an algorithm that varies the weights of the phased array 
based on the received data in order to improve the signal strength and reduce the bit error rate. The 
algorithm is crucial in steering the main beam of the antenna array. Different algorithms have 
different characteristics, i.e. different convergence rates, computation complexity, and effectiveness. 
Least mean square algorithm (LMS) was used in the present work due to its simplicity as it does not 
require correlation function calculation nor it does require matrix inversions. The block diagram of 
LMS algorithm for adaptive beam forming is shown in Fig 3. 




2(t) = c{t)-c{t) 



Fig 2: LMS adaptive beam forming network 

From the above Fig 2, the actual dithered coefficients sensed by the near field sensors are scaled using 
corresponding weights computed by the least mean square (LMS) update algorithm based on 
minimum mean square (MSE) criterion. These outputs are linearly combined such that the error is 
minimized. The error signal which is obtained by subtracting the linearly combined signal from the 
reference signal i.e. the true dithered signal is fed to the LMS update algorithm which does successive 
corrections to the weight vector by iterative process and eventually leads to the minimum value of the 
mean squared error. 

The LMS algorithm initiated with some arbitrary value for the weight vector is seen to converge and 
stay stable for 

< u< 1 A, 

1 max 

Where |i is step size which is chosen very small such that the algorithm converges very slowly and 
may be more stable around the minimum value. 
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C 



Start 



Using Taylor series, the Normalized complex current 
excitation coefficient is calculated. 



The Normalised complex current excitation of N-e lenient for 
True array is calculated and denoted by (C^). 



The Normalised complex current excitation of N- element for 
Actual array is calculated and denoted by (0^^). 



U sing current D istiibution, The magnetic fie Id -ve ctor is 
calculated for true and actual arcav. 



The resultant Magnetic field of true and actual array are 

dithered and so callectrue dithered and actual dithered 

coefficients. 



The ercoi signal is obtaiaedby: 
Er= Actual Dithered signal- True Dithered signal 



This ercor signal is reduced using LMS Algorithm 



I 



<^Stop J^) 



Fig 3: Flow Chart of proposed technique. 

III. Simulation Results 

Results are presented below for a broad side Taylor array of 32 elements with side lobe level of -25 
dB. The total length of the array is assumed to be 2L = 15. 5X with element spacing of 0.5X. The 
simulations are all performed using programming in MATLAB Software. These simulated MATLAB 
graphs made our analysis easier. 

The normalized current distribution of true and actual array with respect to the element number is 
shown inn Fig 4 and for the purpose of illustration, we perturb the true coefficients randomly with the 
magnitude varied on a dB scale using log-normal distribution with an RMS deviation of 2 dB and the 
phase varied uniformly with an RMS deviation of 10°.The current distribution of perturbed true and 
actual array are shown in Fig 5. 




10 15 20 25 30 

ELEMENT NUMBER 



Fig 4: Normalized current distribution of True and Actual perturbed Array. 
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-perturbed True Array 
- perturbed Actual Array 




15 20 

ELEMENT NUMBER 



Fig 5: Normalized current distribution of True and Actual Array. 



The far-zone magnetic field strength for the true and actual perturbed array as a function of lateral 
displacement x f or y = 10R f and z=0 is shown in Fig 6. As a result of fluctuations introduced, the side 
lobes have increased substantially and the main lobe slightly broadened. 




Fig 6: Perturbed True and Actual Magnetic fields of a Linear Array. 

A near -field sensor is assumed to be located in the z = plane at x = xs = 1.1L and y = yO = R f /100 = 
4.805?i as shown in Fig 1. The true and actual coefficients are dithered using an RMS deviation of 
magnitude with 3dB and that of RMS deviation of phase with 12°.The normalized current distribution 
of dithered true and actual array are shown in Fig 7 and the dithered true and actual near fields are 
shown in Fig 8. 





ELEMENT NUMBER 



Fig 7: Normalized current distribution 
of dithered true and actual array. 



Fig 8: Fields at near field sensor 1 
for dithered true and actual array. 
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Another near -field sensor is assumed to be located in the z = plane at x = xs = -1.1L and y = yO = 
Rf/100 = 4.805X as shown in Fig 1. The true and actual coefficients are dithered using an RMS 
deviation of magnitude with 3dB and that of RMS deviation of phase with 12°. The dithered true and 
actual near fields are shown in Fig 8 and the vector addition of the fields those sensed by the proposed 
near field sensors for dithered true and actual array are shown in Fig 9. The Fig 10 shows the 
application of adaptive correction algorithm applied to the dithered curves of Fig 9. One can notice the 
approximation of the corrected curve towards the original. 



Vector addition of magnetic field(H) of true and actual array from both sensors 



True Array 
Actual Array 
True Array dithered 
Actual Array dithered 




-200 -150 -100 -50 50 100 150 200 

X/L 

Fig 9: Vector addition of the fields sensed by the proposed sensors for dithered true and actual array 




-200 -150 -100 -50 



50 100 150 200 



Fig 10: Corrected Field pattern using adaptive algorithm. 

IV. Conclusions 

A least mean square type algorithm was presented for correcting the perturbed array coefficients in 
noise free environment. The robustness of the algorithm has been demonstrated by considering a low 
side lobe (-25 dB) broad side array with RMS magnitude fluctuations and RMS phase fluctuations in 
the array coefficients. An adaptive algorithm for automatically correcting the desired excitation 
coefficients of an antenna array by dithering the coefficients and observing its field in the near zone 
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by using two near field sensors has been proposed and demonstrated by considering a uniform linear 

array. 

By applying the dithering and correcting algorithm the excitation coefficients are corrected near to 

their true values. These coefficients suffered from errors earlier and are rectified using our algorithm. 

By using this algorithm, the performance of the antenna remains close to the specifications even in an 

environment instead of degraded. 

In the future work, adaptive correction of array coefficients by considering the case in noisy 

environments and also with mutual coupling effects will be analyzed. Further extension can be done 

with the analysis on Electric fields of the array. 
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Abstract 

The development of new catalysts for normal alkanes isomerization reveals a big importance. Three series of 
catalysts were prepared by using sol-gel method, using different metal concentration and in two different pH 
(acid and basic). The first series contains molybdenum, the second contains tungsten and the third contains the 
two metals (molybdenum and tungsten).The catalysts were characterized by several techniques; the obtained 
results show that the catalysts prepared in basic pH have a surfaces areas and porous volumes higher than 
those prepared in acid pH. In order to evaluate the catalytic performances of prepared catalysts, we carried 
out the catalytic tests with light naphtha (C5, C6) isomerization. The obtained results show that the best 
conversions are obtained with catalysts prepared into pH basic. The octane numbers of the obtained products 
(isomerate) are high compared to naphtha. The addition of the obtained products (isomerate) into the pool 
gasoline allows on the one hand, to obtain gasolines with high octane numbers which respect the 
environmental standards, and on the other hand, the possibility of developing the light fractions (C5 - C6) 
resulting from the crude oil distillation unit and condensed split distillation. 

KEYWORDS' Isomerization, Pollution, Catalyst, Molybdenum, Tungsten 

I. Introduction 

The deterioration of the natural environment by an increasing pollution du to vehicles emissions has 

been subject to increasingly severe environmental regulations aiming in reducing vehicles emissions 

by introducing new specifications for fuels. 

Among these specifications the total elimination of lead additions to fuels, the reduction of aromatic, 

olefins and sulphur content, and the increase of octane number. 

Environmental reasons are motivating the production of transportation fuels with increase amount of 

high octane number branched alkanes [1]. These compounds are made by alkylation and by 

isomerization of straight-chain alkanes. The drawback of these two processes is that they employ 

harmful and potentially polluting catalysts, such as H2S04, and HF [2, 3]. 

The isomerization for normal paraffin to isoparaffin is regarded as one of the important technologies 

for RON improvement in oil refining [4, 5,6] and it is one of the largely used petrochemical 

processes. It is well known that low temperatures are preferred for alkane isomerization processes 

because the equilibria favors branched (high-octane-number) products, thus in order to achieve 

maximum isomer yields, the isomerization of n-paraffins must be carried out at the lowest possible 

temperatures over highly efficient catalysts [7, 8, 9, 10]. 

Industrially the catalyst used for alkane' s isomerisation is chlorinated platinum-alumina; this catalyst 

is very sensitive to the poisons and present corrosion problems [11], of this fact the development of 

new isomerization catalysts reveals a big importance and extensive research has been done in the 

search for such catalysts, in this context H.Al-Kandari and al [12] have studied the isomerization 

reaction of n-hexane using molybdenum trioxide partially reduced and deposited on Ti0 2 , depending 
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on the weight of molybdenum. These authors reported that at temperature of 623 °C and hydrogen 
flow rate of 3 to 15 bars the conversion is about 80% with a selectivity of 90% in mono-and di- 
branched isomers. 

Holl and Al [13] showed that the catalysts M0O3 / A1 2 3 , in which the molybdenum is reduced to the 
metallic state (at 950 °C) catalyzes the isomerization reaction of hexanes. 

Hino and Arata [14] have reported that the catalysts Mo/Zn0 2 and W/Zn0 2 prepared by impregnation 
and calcined between 800 °C and 900 °C are active in the isomerization reactions of n-pentane and n- 
hexane with a significant participation of the cracking reactions. 

Inglesia and Coll [15, 16] show that the tungsten carbides treated with oxygen are highly selective for 
the isomerization of hexanes and heptanes. They offer a classical bifunctional mechanism, 
The sol-gel is one of the catalysts preparation methods; this way of synthesis is a homogeneous 
process resulting in a continuous transformation of a solution into hydrated solid precursor (hydrogel) 
[17, 18, 19]. The gelation route (sol-gel process) has several promising advantages over the 
conventional techniques. It offers better control of the texture, composition, homogeneity and 
structural properties of the final solids [20, 21, 22, 23, 24, 25]. 

Our work in this article is to develop new catalysts with molybdenum and tungsten for the alkanes' 
isomerisation reaction using the sol-gel method. 

We developed three series of catalysts, the first series with molybdenum (Mo03 / A1203 - Si02), the 
second with tungsten (W03 / A1203 - Si02) and the third with the two metals (Mo and W) 
(Mo03 - W03 / A1203 - Si02). 

Our first objective in this work is to study the metal adding effect (Mo, W) on the catalysts 
characteristics (surface area, porous volume) and on the alkanes' isomerisation. 
The second objective is to study the pH effect on the catalysts characteristics; we prepared catalysts 
with pH 4.55 and catalysts with pH 7. 

The third objective is to study the effect of the metal's nature on the catalysts characteristics; we 
prepared catalysts with molybdenum, with tungsten and with the two metals (Mo and W). 
The obtained catalysts were tested on the isomerisation reaction of light naphtha (C5, C6) resulting 
from the atmospheric crude oil distillation. 

The obtained products (isomerisats) were analyzed and the obtained results shows a considerable 
increase of octane number and isoparaffins content compared to naphtha, these results confirm the 
isomerisation properties of the prepared catalysts. 

II. Experimental 

2.1. Catalysts Preparation 

By using sol-gel method three series of catalysts were prepared, the first series contains molybdenum 
(M0O3 / A1 2 3 - Si0 2 ), the second contains tungsten (WO3 / A1 2 3 - Si0 2 ) and the third contains the 
two metals (molybdenum and tungsten) (M0O3 - WO3 / A1 2 3 - Si0 2 ). 

The catalysts were synthesised with different metal concentration (Table 1 and 2) and in two different 
pH, one acid (pH = 4.5) and the other basic (pH = 10.5). 

For the first series of preparation we prepared the acidic gel by mixing the required amounts of 
aluminum sulphate (Al 2 (S0 4 )3 .18 H 2 0) with ammonium heptamolybdate [(NH4)6 Mo 7 24 .4H 2 0] 
preliminarily acidified by nitric acid. To the obtained sol, under vigorous stirring, an aqueous solution 
of sodium silicate (Na 2 Si0 3 ) with Na 2 / Si0 2 = 2 was added. The obtained gel have a pH = 4.5. 
Whereas to obtain a basic gel an aluminum sulphate and ammonium heptamolybdate were added to 
the sodium silicate solution, the obtained gel have a pH = 10.5. 

Then the obtained sol was activated in thermostat at temperature ranging between 60 -f 80 °C. This 
operation consists to exchange undesirable ions, such as Na+ by ions ammonium, by treating the 
prepared gel with ammonia sulfate (NH 4 )2S0 4 at 20 g/1. After the catalyst were washed with water at 
temperature ranging between 60 -f 80 °C. The complete elimination of undesirable ions was tested 
with AgNo3 and Bacl2 solutions. Finally the catalysts were dried at 120 °C for 6 h and calcined at 
700 °C. 
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For the preparation of series 2 and 3 is the same method with series 1, while in serie 2 the used 
solution is sodium tungstate (Na 2 W0 4 .2H 2 0) and in serie 3 the two solutions 
(NH 4 ) 6 M0 7 24 .4H 2 and Na 2 W0 4 2H 2 were added. 

Table 1. Chemical Composition of Catalysts Prepared at pH = 4.5 



Catalyst 


% M0O3 


% W0 3 


Si02/Al 2 3 


(Mo0 3 ) 1B 


4 


- 


2 


(M0O3) 2B 


6 


- 


2 


(M0O3) 3B 


8 


- 


2 


(M0O3) 4B 


12 


- 


2 


(WO3) 1B 


- 


4 


2 


(WO3) 2B 


- 


6 


2 


(WO3) 3 B 


- 


8 


2 


(WO3) 4B 


- 


12 


2 


(M0O3 - WO3) 1B 


2 


2 


2 


(M0O3 - WO3) 2B 


2 


6 


2 


(M0O3 - WO3) 3 B 


6 


2 


2 


(M0O3 - WO3) 4B 


6 


6 


2 



With: (M0O3) iA: 

i = catalyst number 
1=1,2,3,4 

A = acid 
Table 2. Chemical Composition of Catalysts Prepared at pH = 10.5 



Catalyst 


% M0O3 


% W0 3 


Si02/Al 2 3 


(M0O3) 1A 


4 


- 


2 


(M0O3) 2A 


6 


- 


2 


(M0O3) 3 A 


8 


- 


2 


(M0O3) 4A 


12 


- 


2 


(WO3) 1A 


- 


4 


2 


(WO3) 2A 


- 


6 


2 


(WO3) 3 A 


- 


8 


2 


(WO3) 4A 


- 


12 


2 


(M0O3 - WO3) 1A 


2 


2 


2 


(M0O3 - WO3) 2A 


2 


6 


2 


(M0O3 - WO3) 3 A 


6 


2 


2 


(M0O3 - WO3) 4A 


6 


6 


2 



With: (M0O3) iB : 

i = catalyst number 
i= 1,2, 3,4 
B = Basic 
2.2 Catalysts characterization 

2.2.1 Infrared spectroscopy 

The prepared catalysts were analyzed by infrared spectroscopy, the obtained spectres shows that the 
spectres takes the same general form and the bands observed are represented in table 3. 
Fig. 1 and table 3 gives the infrared specters of catalysts 

Table 3. Infrared Spectres 



Bande d'absorption (Cm 1 ) 


Caracterisation 


3400 - 3500 


Attribute to the hydroxy Is O-H 


1630-1620 


Attribute to the water molecule vibration. 


1060-1050 


Attribute to the Si-O-Al and Al-O-OH 


795 - 790 


Elongation of Si-0 


500 - 450 


Attribute to the metallic oxides 
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Figure 1. Infrared Spectres 
2.2.2 Surface area 

The surface area was determined by the BET method; we measured the adsorption isotherm of 

nitrogen at liquid nitrogen temperature using Quantachrome NovaWin2 version 9.0. 

Fig. 2 gives the evolution of the surface area of catalysts prepared in acid pH (pH= 4.5) for the three 

series of catalysts. 

Fig. 3 gives the evolution of the surface area of catalysts prepared in basic pH (pH= 10.5) for the three 

series of catalysts. 

From the results, it can be observed that the specific surface area decreased with increasing 

molybdenum and tungsten loading. 

Based on curves of Fig. 2 and Fig. 3 the surface area of serie 3 (catalysts containing Mo and W) are 

higher than catalysts of serie 2 (catalysts containing w) and serie 1 (catalysts containing Mo) 

Fig. 2 and 3 show that the surfaces area obtained in basic pH (pH= 10.5) are higher then obtained in 

acid pH; this result was explained by I.M.KOLESNIKOV and coll [26, 27] by relative speeds of 

hydrolysis and condensation reactions during the gelation. In acid pH the speed of condensation is 

very low compared with hydrolysis reaction, the prepared gel was not very ramified and the resulting 

oxide will be with low surface area. 

The surface area of catalysts is inversely proportional to the metal contained in the catalyst. This fact 

could be interpreted by the formation of octahedral molybdates species (or tungstates octahedral in the 

tungsten case) those could block the catalyst pores justifying the reduction in surface area [28. 29]. 





~-________^___ 




— ♦- 


— Seriel 

-Serie2 

Serie3 




♦■ — -_ ^_____^____ 






♦ 









2 3 4 

Catalyst number 

Figure 2. Surfaces area at pH = 4.5 



671 | 



Vol. 2, Issue 1, pp. 668-676 



International Journal of Advances in Engineering & Technology, Jan 2012. 

©IJAET ISSN: 2231-1963 




-Seriel 



Serie2 



Serie3 



12 3 4 

Catalyst number 



Figure 3. Surfaces area at pH = 10.5 



2.2.3 Porous volume 



Fig. 4 gives the evolution of the porous volume of catalysts prepared in acid pH (pH= 4.5) for the 

three series of catalysts. 

Fig. 5 gives the evolution of the porous volume of catalysts prepared in basic pH (pH= 10.5) for the 

three series of catalysts. 

The results show that the porous volume of catalysts vary with the pH of preparation. The catalysts 

with pH = 10.5 have a porous volumes higher than those obtained with catalyst at pH = 4.5, this result 

is related to the micellar organization of colloidal particles during the preparation of sols. 

The increasing on the metal content causes a decrease in porous volume, this result is related to the 

formation of octahedral molybdates (tungstates), which could lead to blocking of micropores [30, 31]. 





-♦ Seriel 



-Serie2 



Serie3 



Catalyst number 



Figure 4. Porous volume at pH = 4.5 
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9 



0,6 -r 
0,58 
0,56 
0,54 
0,52 

0,5 
0,48 
0,46 




Serie3 



2 3 

Catalyst number 



Figure 5. Porous volume at pH = 10.5 

III. Catalytic Tests 

In order to evaluate the catalytic performances of prepared catalysts, we have carried out the catalytic 
tests on the isomerization of light naphtha (C 5 , C 6 ) obtained by the crude oil distillation unit. 

3. 1. Light Naphtha Characteristics 

Light naphtha (C 5 , C 6 ) characteristics are mentioned in table 4 and 5. 

Table 4. Naphtha characteristics 



Characteristics 


Naphtha 


Density at 15 °C 


0.6496 


Vapor tension (KPa) 


75 


Index of refraction at 20 °C 


1.3740 


Octane number (NOR) 


64 


Copper foil corrosion 


negative 


Table 5. Chromatographic analysis of naphtha 


Family 


% weight 


Normal paraffins 


53.390 


Iso-paraffins 


32.493 


Naphtenes 


11.298 


Aromatic 


2.668 


Unknown 


0.151 



3. 2. Operating Conditions 

The operating conditions of catalytic tests are mentioned in table 6. 

Table 6. Operating Conditions 



Parameter 


Value 


Temperature 


250°C 


Weight hourly space velocity 


211- 1 


Hydrogen Pressure 


8 atm 


Mass of catalyst 


2g 


Grains diameter 


0.5 mm 
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The catalytic experiments were performed in a continuous flow fixed-bed quartz reactor, loaded with 2 g 
of the catalyst, operated under isothermal conditions, and heated by a controlled temperature electrical 
oven. The naphtha conversion was studied at atmospheric pressure, 250 C, weight hourly space velocity 
(WHSV) = 2h"l. 

3. 3. Analyze of obtained products (isomerate) by chromatography 

The chromatographic analyses (table 7) of obtained products are realized on chromatograph Hewlett 
Packard (modele 6890 N). 

Table7. Chromatographic Analyses of Obtained Products 



Product obtained by 
Catalyst (isomerate) : 


% weight 


n-paraffins 


Iso-paraffins 


Naphtene 


Aromatic 


Unknown 


(Mo0 3 )ia 


42.413 


46.139 


9.312 


1.964 


0.172 


(Mo0 3 ) 2A 


40.893 


48.004 


9.107 


1.846 


0.150 


(Mo0 3 ) 1B 


38.408 


53.324 


6.505 


1.632 


0.151 


(Mo0 3 ) 2B 


36.225 


54.193 


7.621 


1.782 


0.179 


(W0 3 )lA 


39.780 


48.193 


8.713 


2.136 


1.178 


(W0 3 ) 2A 


37.391 


52.723 


9.054 


1.607 


0.161 


(W0 3 )lB 


36.225 


54.193 


7.621 


1.782 


0.179 


(W0 3 ) 2B 


33.542 


57.593 


6.432 


1.932 


0.501 


(Mo-W0 3 ) 1A 


36.912 


52.803 


8.116 


1.993 


0.176 


(Mo-W0 3 ) 2A 


34.391 


57.093 


7.661 


0.734 


0.121 


(MO-WO3 )ib 


34.545 


57.493 


6.727 


1.083 


0.152 


(Mo-W0 3 ) 2B 


27.891 


63.293 


6.644 


1.559 


0.613 



3. 4 Octane Number Determination of Obtained Products (Isomerisat) 

Octane number (table 8) of obtained products (isomerate) was determined by using chromatographic 
analyses and calculating method of Walsh [32, 33]. 

Table 8. Octane number of isomerate 



Product obtained by Catalyst 
(isomerate) 


Octane number 
(NOR) 


(Mo0 3 )ia 


70 


(Mo0 3 ) 2A 


71 


(Mo0 3 )ib 


73 


(Mo0 3 ) 2B 


73 


(W0 3 )lA 


71 


(W0 3 ) 2A 


72 


(W0 3 )lB 


74 


(W0 3 ) 2B 


80 


(Mo-W0 3 ) 1A 


73 


(M0-WO3 ) 2A 


81 


(MO-WO3 )ib 


82 


(Mo-W0 3 ) 2B 


83 
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Chromatographic analysis of obtained products shows a considerable increase of isoparaffins content 

compared to the naphtha, these results confirms the isomerisantes properties of prepared catalysts. 

The obtained products by catalysts prepared in basic pH gave high content of isoparaffins compared 

to those prepared in acid pH. 

The simultaneous presence of molybdenum and tungsten in the catalyst improved the isoparaffins 

content compared to monometallic catalysts; this result is dependant on the bimetallic character of 

catalysts and a synergy between two metals for the isomerisation reaction. 

The isoparaffins content is higher when increased the metal quantity in the catalyst; thus increased 

metal function of the catalysts prompts the formation of isomers via a reduction of the diffusion path 

between two metallic sites. Hence, the possibility that the intermediate species would encounter acid 

sites and would be cracked during its migration from one metallic site to another is also less [34]. 

IV. Conclusions 

The sol-gel method allow to prepare molybdenum and tungsten catalysts for light naphtha 
isomerization, the obtained results show that surface area is according to the quantity of metal 
contained in catalyst. The surface area obtained in basic pH is higher than those obtained in acid pH. 
The products obtained (isomerate) by the light naphtha (C 5 - C 6 ) isomerization with the presence of 
prepared catalysts present isoparaffins contents and octane numbers higher compared to the naphtha. 
The addition of obtained products (Isomerate) into the pool gasoline allows on the one hand, to obtain 
gasolines with high octane numbers, witch respect the international and environmental requirements 
and on the other hand, the possibility of developing the light fractions (C 5 - C 6 ) resulting from the 
crude oil distillation unit and condensed split distillation. 
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